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ABSTRACT 
This thesis is concerned with accelerated soil erosion 
in the Lammermujr Hills in South-east Scotland. It reviews 
the literature on erosion in upland Britain and presents the 
controversy surrounding this issue in southern Scotland. 
Remote-sensing procedures are used to examine the extent of 
erosion phenomena in the study are-a. Possible associations 
between erosion occurrence and certain soil types and land- 
uses are an 	Historical documents, maps and sequential 
aerial photographs are used to investigate possible changes 
in the size and distribution of erosion features over time. 
The results of further work on erosion rates obtained by field 
monitoring in various parts of the Lammermuirs are also 
presented and analysed. These studies show that erosion is 
much less of a problem than the literature suggests. Only 
1.4% of the area studied was found to be occupied by erosion 
forms and only 0.8% of the area appeared to be actively eroding. 
The rates of erosion measured in the field were found to be low 
and in keeping with findings obtained in other parts of upland 
Britain. The results also suggest associations between erosion 
occurrence and certain land-uses and soil-series. The 
possibility of using range management techniques to produce more 
definite information about land-use/erosion relationships is 
explored. The results suggest that while they are not eroding 
very much at present, some parts of the Lammermuirs are over-
burned and over-occupied by sheep and could well suffer from 
erosion problems in the future. 
The study confirms the usefulness of the standard methods 
of investigating erosion in upland areas, such as aerial 
photography mapping and erosion pin monitoring. It also 
suggests that the hitherto little-used range management approach 
has considerable promise for appraising erosion in those areas 
of upland Britain where rapid results are required. 
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This thesis is concerned with accelerated soil erosion 
in the Lammermuir Hills - an upland area some 600 Km in 
extent, which lies south-east of Edinburgh. It is an area 
where there has been increasing criticism of land-use practices 
in recent years. Many authors and reports have alleged that 
overburning, sheep-grazing and badly-aligned moorland drains 
have resulted in serious erosion which could jeopardize the 
local soil and water resources. These allegations are neither 
new nor unique to the Laxnmerinuirs, but investigations are 
justified in this area because of a paucity of factual 
information concerning the nature and character of contemporary 
erosion in this region. 
Concern about soil erosion in upland Britain was voiced 
over a century ago by Geikie (1868) who advocated measuring 
the amounts of sediments transported by British rivers to 
assess the significance of upland soil wastage. Ramsay (1878) 
and Woodward (1887) were other early reporters of erosion 
and sedimentation problems in upland catchments who speculated 
on Man's role in increasing the magnitude and frequency of 
denudation processes. Other early literature concerning 
upland soil erosion includes Dakyn's (1900) descriptions of 
Welsh landslides. In spite of such publications, the idea 
that soil erosion might be a serious problem in upland 
Britain was not really emphasised until the 1930's when 
Lowdermilk (1935) produced his classic paper on the 
acceleration of soil erosion processes above geologic norms. 
Lowdermilk's paper was most significant because it firmly 
distinguished between geologic erosion and erosion induced and 
accelerated by Man. Lowdermilk's work in America may have 
inspired some authors to suggest that upland Scotland was 
suffering a serious, insidious acc.erated soil erosion problem. 
Gorrie (1935) claimed that overgrazing by domestic livestock was 
the primary cause of extensive accelerated erosion in the Scottish 
hills and mountains. Fenton (1937a) also expressed concern about 
erosion in south-east Scotland, which he associated with sheep 
grazing, muir burning and the ploughing out of grazings on steep 
slopes. Fenton (1937b) wrote : "On sloping ground the wastage 
of soil by rain and melting snow may be serious." He pointed out 
that heather burning was especially inadvisable on certain steep 
slopes for "it may lead to complete wastage of the soil and peat, 
leaving only a bare scree. This condition may easily continue for 
more than a century, so slow is the clothing of such material with 
vegetation." Fenton concluded that "soil wastage is not unknown on 
a small scale in this country ... sometime in the future this will 
become a very serious national problem." Brade-Birks (1944) 
commented : "Let it not be thought that because in the British 
Isles the depletion of the land is seldom spectacular it is of little 
moment." Dudley Stamp (1948) wrote "Despite the overwhelming 
evidence of the universally widespread character of soil erosion, 
it is still the generally held belief that it is unimportant in 
Britain." 
In spite of the increased credibility of the case for more 
serious consideration of soil erosion in Britain resulting from the 
views expressed by authors such as Stamp and Brade-Birks, little 
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attention was paid to it. The lack of climatic extremes and 
the nature of our upland land-use were often cited to imply that 
erosion in upland Britain was at best unlikely and, most probably, 
impossible. As a result, organisations such as the Forestry 
Commission and the Department of Agriculture, which held vast 
tracts of Scottish mountain and moorland, were not authorised to 
investigate the claims made about erosion. 
This apparent complacency might possibly explain why authors 
such as Gorrie, McVean and Lockie began to write about erosion in 
rather emotive terms during the 1950's and 1960's. Gorrie (1958) 
and Fenton (1951) wrote about erosion problems in upland Scotland, 
presenting little factual evidence to support their arguments and 
without reference to other research. Popular articles appeared 
which evoked speculation rather than fact. McVean (1959) expressed 
serious anxiety about erosion in upland Scotland. He wrote "All 
is not well with our present use of hill land ... the signs of misuse 
are everywhere apparent for those with the eyes to see them." In 
the popular press he reported signs and symptoms of soil erosion 
which he considered to be "incontrovertible signs of soil and 
vegetation deterioration caused or aggravated by burning". This 
made little impression on the upland farmers' faith in the 'salvation 
of the match', and many completely refuted McVean's opinions on 
the question of burning and erosion. The attitude of many upland 
farmers at this time was characterised by McNaughton (1959) who 
defended muir burning by referring to the condition of the animals 
produced on burnt moorlands. Assessing the suitability of burning 
practices, McNaughton argued "erosion or no erosion, a land which 
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is burned continues to supply more and better sheep than areas 
where burning has been neglected." This popular argument ignored 
the fact that a pastoral ecosystem's fundamental resource-base 
is the soil-vegetation complex and not the grazing animal. 
To emphasise the importance of upland soil conservation 
and avert potential erosion hazards in upland Scotland, McVean 
and Lockie (1969) repeated warnings about erosion and indiscriminate 
burning. They pointed out that burning had become, in a relatively 
short time, so deeply engrained in traditional upland farming 
practice as to be virtually an article of faith. Consequently, 
they argued, attempts at 'dispassionate reassessment' had not 
been well received. However, little persuasive, factual evidence 
was presented publicly to demonstrate the alleged erosion hazards 
to farmers and landowners. Indeed, McVean and Lockie's own 
reassessments of upland land-use in Scotland presented very few 
hard facts. With the exception of some purely descriptive erosion 
case-studies, they produced little evidence to resolve the erosion 
controversy. 
Many of the questions which authors such as Stamp and 
Brade-Birks were asking about upland soil erosion in the 1940's 
remained unanswered for a long time for two reasons. Firstly, fears 
about erosion were only held by a small minority of conservationists 
and scientists. Secondly, wild emotive speculations which were 
unsupported by facts of any kind tended to undermine the credibility 
of any earlier comments on erosion hazards. Some of the more extreme 
views were expressed in the popular press by authors such as McVean 
were so far fetched when taken out of context that they seemed 
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ridiculous. For many years research on erosion was neglected 
because the majority of geographers and geologists in Britain 
took the popular view that erosion was not a serious problem. 
This is perfectly true to a point, for there are no great dust-
bowls and badlands in Britain like those in parts of the United 
States. Nor are there drastic reservoir sedimentation problems 
in Britain like those found elsewhere in the world. 
As Thornes and Brunsden (1977) pointed out, the situation 
began to change in the 1960's with the advent of the 'quantitative 
revolution' in Physical Geography. Geomorphologists and 
biogeographers began to study erosion processes and rates in some 
detail. The evidence produced suggests that earlier ideas about 
erosion should not be discounted. For example there has been a 
steadily growing amount of evidence which suggests that some of 
the speculations made by Stamp. - Gorrie and Fenton are worthy of 
closer examination. 
The following section briefly outlines some of the most 
notable erosion studies which have been carried out in upland Britain 
during the last two decades. 
1.1 Erosion-related studies in upland Britain 
Much of the erosion research carried out in upland Britain 
has been undertaken by geomorphologists concerned with erosion rates 
and mechanisms in the context of landscape development. As a result, 
these studies have tended to concentrate on spectacular erosion 
features such as gullies and landslides (Douglas, 1969). For instance, 
Tuckfield (1964) spent several years monitoring numerous small gullies 
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developed on superficial deposits on convex slopes in the 
northern New Forest. The influence of burning and grazing 
animals was not fully investigated, but he did suggest that this 
incipient gullying was recent and originated during heavy storms 
at sites where the heathiand vegetation had been destroyed by 
Man's activities. He concluded that exceptionally heavy rainfall 
was necessary to maintain the processes investigated, and that 
in the absence of such rainfall, gullying would be arrested 
eventually by vegetation. He noted that gullies appear to be 
uncommon in the New Forest and assumed that gullying does not make 
a large contribution to the total denudation of the region. 
Nevertheless, his estimates of local rates of erosion were high. 
One 70 m long gully developed within 2 years, during which time more 
than 28 m3 of material was removed. In another gully, 25 m3 of 
material was eroded in a single wet year. 
In an objective investigation of gullying rates and processes 
in the River Findhorn Valley in the Scottish Highlands, Fairbairn 
(1967) suggest.d that gully erosion had "increased dangerously" in 
recent decades, especially in the Drynachan area. The Tirfogrean 
Gully (0.65 ha), for example, was first observed in the 1920's and 
has since lost some 6.9 x 10 tonnes of material, the greater part 
of which having been lost within 30 years. Fairbairn blamed muir 
burning and drains for this erosion, and concluded that, unless 
preventative measures were taken there, hundreds of hectares of 
ground and hundreds of thousands of cubic metres of soil would be lost. 
Harvey (1974) measured rates of erosion and sediment yields 
in a number of deep, active gullies cut into glacial till and 
solifluction head along Grains Gill, a tributary of Carlingbeck in 
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the western Howgill Fells in the Lake District. This detailed 
long-term monitoring project investigated gullying processes 
in an area of upland Britain where deep active gullies frequently 
appear on hilislopes and large volumes of sediment are fed into 
the river systems. The overall sediment yield and erosion rates 
obtained indicated a rapid rate of gully erosion : some 150-250 
tonnes of material per year being supplied to Grains Gill by 
gullying alone. 
Harvey noted that despite the apparently widespread 
occurrence of many similar gullied areas throughout upland Britain, 
there was very little published work dealing specifically with 
sediment yields from eroding slopes in our uplands. Slaymaker 
(1972) quoted erosion rates on bare slopes in the Upper Wye Basin 
similar to Harvey's. Harvey (1974) used these figures to suggest 
that erosion processes in Britain are rather more active than 
hitherto realised. 
Thomas (1956) extended his early work on the gullying of 
restored opencast coal sites to consider the geomorphological 
significance of gullying in the Brecon Uplands in South Wales. 
His 1:10,560 scale geomorphological mapping over some 460 Km 2 
of uplands, centred around Fforest Fawr, showed the nature and 
extent of gullies there. Five major gullying associations were 
determined. Although contemporary erosion rates in these gullies 
were not determined by Thomas, he suggested that only a very limited 
area of rough pasture was lost annually through erosion. He also 
remarked that while some of the gullied zones had been afforested, no 
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cases of any erosion damage to established plantings had been 
recorded. 
A number of geomorphological papers were published in the 
early 1960's on the nature and extent of gullying of blanket peat 
bogs in the Pennines. These included a series of articles by 
Bower (1960a, 1960b, 1961, 1962). Mosley (1972) pointed out that 
this work had the major drawback of being qualitative in nature 
and consequently of limited value. It does, however, suggest 
that gullying is widespread in parts of the Peak District. 
Sheet erosion in upland Britain has been investigated by 
several workers. For example, Radley (1962, 1965) assessed the 
number, frequency and extent of major moorland fires in the 
Peak District and evaluated their significance in changing the 
landscape. He showed that since 1920, some 30 major moorland 
fires had occurred in the area between Penistone and Matlock, 
each of which could have been called disastrous and could have 
caused serious soil erosion. On the basis of detailed field 
observations and historical reports, Radley concluded that 
abnormally fierce and extensive fires caused widespread and 
intense sheet erosion as well as rill and gully erosion, which 
persisted for many years afterwards. Unfortunately, Radley was 
unable to define the overall amount and extent of sheet and gully 
erosion losses caused by such fires. However, he made some 
remarkable comments concerning the significance of the intensive 
sheet erosion on peat, such as "the removal of acid peat should 
facilitate the proposed afforestation of certain eroded areas and 
it seems possible that it will permit more trees to grow on moors 
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protected by water authorities from browsing animals and 
further fires." 
Sheet erosion on upland peat was also discussed by 
Crisp (1966), who investigated inputs and outputs of minerals 
in a small upland catchment in the Moorhouse National Nature 
Reserve, Westmorland. He found that 11 - 20% of the 83 ha 
comprising Rough Syke was eroding peat. Measurements of the 
rate of peat erosion during the study year showed that 1,120 
kg dry weight/ ha/ yr was lost, representing an annual average 
loss of less than 10 mm/ yr of the surface peat from the 
actively eroding peat areas. 
Imeson (1971) drew attention to sheetwash and other forms 
of erosion associated with moor burning in Hodge Bek, north-east 
England. He investigated erosion occurring under the four phases 
of heather colonisation recognised by Watt (1955) and demonstrated 
an inverse relationship between vegetation cover and erosion rates. 
The mean rate of erosion was found to be more than 45 mm / yr and 
the scale of erosion taking place in the catchment, as a result of 
muir burning, was demonstrated by the river's remarkably high 
sediment discharge. At more than 480 tonnes / Km 2 / yr this was 
the highest rate of sediment discharge hitherto recorded in a 
British river (Douglas, 1969). These high rates of sediment discharge 
were taken to illustrate both the danger of disturbing the vegetation 
cover in exposed upland areas, and the hazards of poor land 
management. However, Imeson's (1974) subsequent investigations 
suggested that sheet erosion on unvegetated moorland was not the 
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major factor in the high sediment discharge of Hodge Beck. 
It was estimated that only one third of the material eroded 
from the moorland contributed to the sediment load and as much 
as 35 % of the river's load was supplied from channel erosion. 
Whitaker (1961) considered botanical aspects of severe 
soil erosion in the Grampians. She observed that up to 10 % 
of the hillsides and exposed upland plateaux there were denuded 
of vegetation through erosion following severe upland fires. 
Although this work was not as detailed as the studies of Imeson 
and Crisp in terms of erosion rates, it did at least demonstrate 
that sheet erosion may occur extensively in upland Scotland as 
well as in England and Wales. 
Haigh (1977a, 1977b) monitored erosion rates on the 
plateau colliery spoil mounds near Blaenavon, Gwent. He illustrated 
the significance of vegetation cover in controlling sheet and gully 
erosion processes, and produced results in keeping with the findings 
of Imeson and Harvey. 
Several authors have investigated sheet erosion associated 
with overgrazing and trampling by people and animals. For example, 
Thomas (1965) studied steep-sided, shallow-soiled moorland slopes in 
north-west Montgomeryshire, where a considerable amount of sheet 
erosion was alleged to be caused by 'sheep burrows' (sheep rubbings). 
He discovered that burrows in this situation could initiate soil and 
debris chutes over 30 m long and more than 2 m wide, which were 
subject to severe sheet erosion losses during heavy rain storms. He 
noted that sheet erosion affected some 18 ha out of the 70 ha he 
judged to be at risk in his 365 ha study area. More than 11 x 10 m3 
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of soil, subsoil and weathered rock rubble was eroded away from 
the affected sites, forming shingle flats in the main valley 
floor. All of this damage was thought to be less than 100 -150 
years old and probably even more recent. Thomas observed that 
the growth of the erosion areas occurred more by a coalescence in 
a lateral fashion along the slope than by headward extension. 
One of the largest areas of sheet erosion observed was over 1 Km 
long and 120 m wide. It was concluded that animal induced erosion 
was a problem in this area, and that is could be worsening. 
In a similar upland moorland environment in the Peak District, 
Evans (1974a) monitored sheetwash and ruling associated with 
analagous sheep rubbings and burrows. He produced sediment yield 
figures of 0.5 - 35.0 tonnes / ha / yr from scars occupying 0.5 ha 
in a small catchment called Hey dough. Evans concluded that erosion 
initiated by overgrazing was a serious problem in this part of the 
Peak District. Slaymaker (1972) mentioned that the 'sheep burrow' 
termed by Thomas also occurs in the upper Wye drainage basin and 
is a significant sediment source there too. However, he argued that 
although the erosion in unvegetated scars is clearly accelerated by 
sheep, the location of the scars on slope inflexions suggests a 
natural instability of the slope, independent of biogenic causes. 
Evans (1977) later attempted to link sheep stocking densities with 
the occurrence of rubbings and trails and the rates and trends of 
erosion. Unfortunately, the results presented do not seem to support 
the conclusion that overgrazing is the cause of 'serious erosion 
problems'.* 
Sheet erosion associated with footpaths and trails in upland 
Britain has been discussed by several authors such as Huxley and 
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Pratt (1966), Streeter (1975) and Coleman (1977). Coleman's 
work in the Lake District is currently attempting to answer 
some of the questions concerning erosion processes and rates 
on mountain footpaths used by tourists, but most of her 
findings await publication. Erosion on and around ski pistes 
in the Cairngorms was investigated by Bayfield (1971, 1973a, 
1973b, 1974). 
In contrast to the rather localised site studies of Evans 
and Haigh, other workers have produced assessments of the rate 
of sediment production in catchments based upon reservoir sediment 
accumulation surveys. For example, Young (1958) measured the volume 
of sediment deposited in Strines Reservoir in the Peak District and 
showed that over a period of 87 years there had been an annual loss 
of c. 1 mm from the drainage basin as a whole, or 3 mm loss from 
the steeper slopes where erosion was considered most likely to occur. 
This represented an average annual sediment yield of 25.5 m3/Kxn2/yr 
of material. Hall (1967) produced a similar figure of 22.8 m 3 /Km 2 /yr 
for the Catcleugh Reservoir in Northumberland. Cummins and Potter 
(1967) determined a lower yield of 12.2 m3 /Km 2/yr for Cropston 
Reservoir, Leicestershire. In south-east Scotland, Lovell, Ledger 
Davies and Tipper (1973) estimated that the average yield into the 
2 
North Esk Reservoir since 1950 was 12.8 m 
3 
 /Km /yr, equivalent to 
a minimum rate of erosion of 10 mm / 1000 years over the entire 
catchment. Ledger, Lovell and McDonald (1974) showed that at the 
Hopes Reservoir there was an average yield of 11.8 m 3 /Km 2/yr. 
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It is clear from the preceeding review of available 
research literature, that soil erosion in upland Britain can 
and does occur, albeit perhaps on a more localised and less 
intense basis than some early writers may have suggested. 
It is also evident that soil erosion in upland Scotland may 
merit more study than it has received in the past. Unfortunately, 
while many aspects of the natural environment are currently 
receiving considerable research attention, there is still a marked 
paucity of published factual information on erosion in upland 
Britain (Evans 1971). Moreover, much of the available information 
has important limitations. For example, the investigations of 
gullying in the 1960's and 1970's were primarily concerned with 
measuring local erosion rates and observing processes. Those 	- 
involved in such studies were not always interested in either the 
regional context 0± the effects of land-use (Douglas, 1969). 
Consequently, it is hard to judge the representativeness of many of 
the study areas and sites, which severely limits the value and scope 
of these findings. A further problem is the limited scope of many 
of these studies. In some cases, causes of erosion were not considered 
at all, or even worse, were attributed to factors which were not 
properly examined. As a result, even when considered collectively, 
much of this research does little to resolve the major issues 
surrounding land-use and erosion in upland Britain (Douglas, 1969). 
The work on reservoir sedimentation also suffers from severe 
limitations which leave the results obtained open to a range of 
interpretations. For example, Ledger et. al. (1974) pointed out that 
29 
whilst the figures from upland reservoirs like Hopes Reservoir 
appear to suggest that erosion is not a serious problem in the 
catchments, it is quite possible that fairly severe localised 
erosion might well be taking place upstream. Materials from 
eroding gullies might by dumped fairly close to their sources 
without affecting reservoirs in the valley floors. Without further 
research in such areas, it is hard to draw meaningful conclusions 
about the severity of erosion occurring there. Due to the localised, 
fragmentary nature of the available information on erosion, not only 
is it difficult to apply findings from one region to another, but it 
is also risky applying them to immediately adjacent sites where 
changes in environmental conditions cannot yet be accounted for. 
In reviewing the available literature on erosion, it is 
clear that there are many aspects of upland soil erosion still to 
be examined. For example, in upland Scotland there is still a 
paucity of information on the regional extent, long and short term 
trends, and intensity of erosion in most areas. It is also evident.: 
that there are still fundamental shortcomings in our appreciation of 
the influence of different types and intensities of land-use practices 
on erosion. This situation is at variance with the state of the 
science of erosion developed in the United States. There, the effects 
of land-use on both upland and lowland soil erosion processes have 
been studied in depth (Lowdermilk, 1950; Ellison, 1944a, 1944b, 1945, 
1947; Fournier, 1960; Lusby et. al., 1963; Wischmeier, 1976; USDA, 1975; 
Arnoldus, 1974; USSCS, 1977). Unfortunately, it remains to be seen 
to what extent the American erosion findings may apply to upland 
Britain. The principles may be similar, but the environmental 
conditions seem to be rather different. 
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As a result of the scarcity of factual information, emotive 
arguments and speculation continue to find their way into popular 
articles, some planning policy statements and even some ecological 
text books (Morgan 1974; Peak Park Planning Board, 1977; MPFF, pers. 
comms., 1977; Pearsall and Pennington, 1973; Gimmingham, 1975; 
Graham, 1973). This is unfortunate because there have been calls 
for large-scale changes in upland land-use in Britain from those 
who are now convinced that erosion is a serious problem caused and 
maintained by land misuse. If adopted, such changes could have 
far-reaching consequences. Obviously, if erosion is causing 
significant damage in upland Britain, this should be an important 
consideration in the future management of this extensive environment. 
The soil forms the resource base upon which sustained agricultural 
production depends and which must therefore be preserved. It is 
also desirable to ensure that erosion does not threaten either stream 
water quality or water supplies. However, if there is no such real 
threat it would be equally unwise to allow either speculation or 
information taken out of context to be used for advocating widespread 
changes in land-use couched in terms of water and soil conservation. 
Any decisions concerning soil conservation should be based 
on a solid, factual appraisal. This thesis attempts to show what 
such an appraisal might involve in one particular upland area 
the Lammermuir Hills. 
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1.2 The Study Area 
The Lammermuir Hills lie 30 Khi south-east of Edinburgh 
and form the north-easternmost part of the Scottish Southern 
Uplands. They consist of a plateau of tightly folded and steeply 
dipping Ordovician and Silurian shales, mudstones and greywackes 
and Upper Old Red Sandstone conglomerates and sandstones. The 
whole is tilted slightly to give a steep scarp along its north-
west edge and a very gentle slope to the south-east. Much of the 
area consists of broad, rather featureless expanses of moorland. 
However, where streams and rivers have dissected the plateau, 
there are series of ridges with smooth, rounded hill tops. The 
valleys have steep, convex-sided cross-sections, often with narrow 
alluvial flats and meandering streams. Hill sheep farming and grouse 
shooting are the principal activities throughout this area, which 
are reflected by the patchwork-like mosaic of upland moorland 
vegetation caused by deliberate burning. The lower, gentler-sloping 
parts of some valleys are under cultivation. There is also some 
forestry, with blocks of trees scattered across the moorlands and 
in numerous steep-sided valleys. 
The Lammermuir Hills provide a particularly worthwhile 
erosion research area for several reasons. Primarily, it is an 
area where speculation and controversy about erosion and its 
significance have created serious concern and alarm for more than 
30 years. Public attention was drawn to the issue of soil erosion 
in the area in the late 1940's, following reports that exceptionally 
heavy rainfall and consequent flooding in East Lothian in August, 
1948 had caused considerable sheetwash erosion and other damage. 
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Learmonth (1950) observed that significant sheetwash had 
occurred on moderate to steep slopes at a number of widely 
separated locations in the Lammermuirs. He also thought that 
recently created hill-drains had eroded and numerous pre-existing 
gullies had enlarged. He found landslides and slumps along 
many streams and rivers, whilst in other places, bank erosion had 
cut back into pastures. Moreover, large quantities of gravel and 
boulders had been dumped into the riverside haughs (valley flats) 
causing serious. damage to crops and fences. He concluded that 
this erosion and the recurrent flooding of the River Tyne were 
symptoms of "ill-balance in the use and cultivation of the upland 
catchments, bound up with tree felling and increased upland 
drainage schemes." Following further flooding of the Tyne, other 
reports appeared which indicated grave concern about land-misuse and 
soil erosion problems in the Lammermuirs, (East Lothian County Council, 
1957). Learmonth's original conclusions might now be viewed as 
completely subjective and unsupported by the facts presented, but 
these formed the basis of planning reports and discussion documents 
which alarmed local farmers and landowners. Widespread and dramatic 
changes in land-use were advocated to inhibit further erosion and 
flooding. The East Lothian County Planning Committee initiated a 
survey in the hillfoot areas of the Lammermuirs to identify localities' 
suitable for afforestation and anti-erosion measures. The resulting 
Hilifoot Survey (Stephen & O'Riorden, 1962) blamed sheep for 
accentuating severe gully erosion and predicted that "unless positive 
steps are taken soon to alter the imbalance of land utilisation in 
these areas, many acres will go completely out of use." It was 
also claimed that erosion was creating potentially serious 
reservoir sedimentation problems in the hilifoot areas. The 
report concluded that there should be wide-scale exclusion of 
sheep to ameliorate gullying problems and that gullies should be 
planted up with trees to act as direct erosion control measures. 
However, no factual evidence was published to support any of these 
allegations and proposals. Only a few subjective field observations 
and some photographs of gully and sheet erosion phenomena were held 
up as "conclusive evidence for overgrazing and poor land management." 
In spite of the marked paucity of convincing evidence, the 
local planning authority recommended that extensive tracts of the 
hillfoot areas should be improved by widespread tree planting programmes. 
(East Lothian County Countil, 1966). Large areas of felled and 
decadent woodland were considered to be in need of urgent attention. 
However, local farmers and land owners were not convinced that erosion 
and flooding problems were sufficiently serious to warrant such 
measures. Farmers were particularly upset by the proposals to 
afforest and exclude sheep from many hill grazings. The planning 
proposals were opposed and prevented. 
As far as erosion research is concerned, another attraction 
of the Laznmermuirs is that is is one of the few parts of Scotland 
where quantitative work has already been undertaken (Ledger, Lovell 
and MacDonald, 1974). A further advantage is that, whilst the 
Lainmermuirs are generally held to be representative of many more 
remote parts of the Scottish Southern Uplands, the study area is 
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within easy reach of Edinburgh University by car, facilitating 
fieldwork excursions. Other initial attractions included 
long-established networks of hydrological and meteorological 
recording stations, availability of aerial photographs and the 
willingness of local planners, water engineers and farmers to 
help to provide information for the erosion investigation. 
1.3 Objectives and approaches of the research project 
Before soundly based judgements can be made about an 
alleged erosion problem, a number of facts must be established. 
Essentially, these facts are the answers to the following 
questions - 
Is accelerated soil erosion occurring ? 
In what form is it occurring ? 
Where is it occurring ? 
chat is its extent ? 
What are the rates o.E erosion ? 
What have been the recent trends 7 
(i.e. has erosion become more or less 
intense and has it become more or 
less widespread ? 
In addition to these questions which place erosion into 
some kind of geographical perspective, several more questions 
need to be answered to aid rational land-use decision making : - 
What has initiated erosion ? 
What has maintained erosion ? 
How has erosion been controlled or checked ? 
To what extent do the occurrence and recent 
trends of erosion relate to land-use in general ? 
THE AIM OF THE PRESENT STUDY 
The aim of the work presented in this thesis is to provide 
a broad, exploratory reconnoitre of erosion in the Lamm ermuirs. 
In view of the scarcity of other erosion-related research in 
upland Scotland it was felt that the study should aim to be as 
comprehensive as possible, considering not one, but several of 
the important aspects of erosion in the study area covered by 
the questions listed above. A broad exploratory study might 
form a perspective from which more specialised work by others 
could be directed in the future, and would also make a useful 
contribution for regional planning. 
Although this study is intended to be broad and fairly 
comprehensive, it became evident in the course of the work 
that not all of the questions outlined above could be answered 
fully by the author. There was insufficient time and money 
to study all the forms and processes of erosion. For example, 
whilst it was fairly straightforward to examine visible 
(catastrophic) erosion features such as gullies and scars, it 
was impossible to answer satisfactorily questions about 
secular erosion in the study area,given the schedule and budget 
available. This study, therefore, is not concerned with the 
very slow, long-term processes of erosion (such as soil creep) 
in the Laxnmermuirs. It is primarily limited to attempts to : - 
Produce a broad survey of the different kinds of overt 
erosion phenomena occurring in the Laxnmermuirs, (Chapter 3). 
Obtain some indications of long-term, visible erosion 
trends in the study area, (Chapter 4). 
Investigate some associations between overt erosion 
occurrence and selected physical and ecological factors, 
(Chapter 5). 
Examine the character and rates of overt erosion 
occurring at present in the Lammermuirs, (Chapter 6). 
Look at ways and means of assessing relationships -
between land-use and soil stability status and soil 
conservation trends in the study area, (Chapter 7). 
To do this, it was necessary to use a variety of 
different research approaches and techniques. For example, 
remote-sensing concepts and methods were employed to determine 
the overall extent of visible erosion features, whereas field-
based monitoring procedures were adopted to obtain some 
measures of the rates of erosion occurring at different type 
sites. Some aspects of overt erosion can be examined using 
more than one kind of approach and methodologies employing 
different scales of operation. For instance, erosion trends 
may be determined using historical desk studies, sequential 
aerial photography, or more sophisticated pedological procedures. 
Wherever feasible, the investigations were designed to involve 
a strong interplay between different types and scales of research 
work. This provided a useful cross-check on the findings and 
afforded an opportunity to compare the usefulness of different 
kinds of approach and methods, some of which have never been used 
before to study erosion in upland Britain. 
1.4 	Note on the sub-division of the text of the thesis 
The text of this thesis falls into four parts which differ 
not only in terms of their lengths but -also-in-terms-of their 
importance. This introductory chapter forms the first part and 
serves to set the scene. The second part is intended to provide 
a short, basic appreciation of certain important concepts, 
definitions and topics which form the foundation of some of the 
discussions in the main body of the thesis. Part III contains 
the descriptions of the research and findings and forms the 
important backbone of this thesis. It is divided up into five 
chapters. 	Part IV comprises a single, short chapter of overall 
conclusions with some suggestions for further research. 
Since Part III contains a variety of different lines of 
research, it is worth examining the nature of the chapters 
within this important segment of the thesis. The first chapter 
in Part III is Chapter 3 which defines the nature and extent of 
overt soil erosion phenomena in the Lammermuirs that can be 
mapped using aerial photography. This provides a useful starting 
point, identifying and determining the geographical extent and 
distributions of a range of different types of erosion phenomena. 
A simple numerical analysis of soil erosion mapping inventory 
information summarises the proportion of the area studied affected 
by overt erosion features. There are hundreds of such features, 
but they only occupy a tiny area in total. 
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Chapter 4 goes on to consider changes in the total numbers, 
sizes and positions of larger-scale erosion phenomena, such as 
gullies and scars, over the last century and in earlier times, 
using evidence from old maps and sequences of aerial photographs. 
This work suggests that the erosion situation in the Lammermuirs, 
as far as these larger features are concerned, has altered only 
slightly over numerous decades. Chapter 5 is also a logical 
progression from the initial survey work presented in Chapter 3 
Chapter 5 presents more detailed analyses of the inventory data 
with a view to examining associations between erosion features and 
factors such as soil category, habitat type, and certain land-use 
practices. Chapter 5 also examines cause and effect relationships 
which are suggested by other kinds of evidence. Thus, Chapters 
3, 4 and 5 are essentially desk and remote-sensing based studies 
providing a geographical and temporal perspective of visible 
erosion features in the study area. 
Chapter 6 goes on to describe fieldwork assessing the 
character and rates of overt contemporary erosion occurring at 
selected type sites. This work is limited insofar that only a 
relatively short time span was available for detailed observations 
and measurements. Nevertheless, it provides valuable evidence 
regarding contemporary rates of soil loss which helps put into 
clearer perspective much of the findings .of the work outlined in 
previous chapters, especially the remote sensing work which 
required unequivocal, detailed groundchecks. 
Having carried out a considerable amount of detailed 
monitoring work over several years, it was clearly evident that 
assessing erosion rates and erosion cause and effect relationships 
is time-bound work and would be difficult to apply extensively 
elsewhere in upland Scotland where similar basic facts on overt 
erosion might be required. Chapter 7 therefore presents an 
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exploration of the uses and limitations of an approach to 
studying erosion, soil stability status and soil conservation 
trends which promises to overcome the time-bound difficulty 
of conventional monitoring work. As this range management 
approach had not been employed in Britain before, and would 
also provide a worthwhile cross-check on findings, the work 
has been included in this thesis. It is emphasised, however, 
that the work introduced in Chapter 7 is only intended as an 
initial exploration of rapid range survey methodology. Even so, 
it produced some interesting findings which corroborate results 
from earlier chapters. 
The findings of the research are presented at the end of 
each chapter and summarised briefly in Part IV. It is not 
appropriate to go over the findings in this Introduction, but it 
is worth noting here that the basic objective of the thesis was 
achieved. That is, the work presented provides a broad exploration 
of overt erosion in the Laxnmermuirs, which will form a useful 




SOIL EROSION - SOME BASIC PRINCIPLES AND TERMS 
1.1 Introduction 
This chapter is designed to introduce some of the theory, 
concepts and terms relating to soil erosion used in subsequent 
chapters. It is important that certain terms are clearly defined 
at this initial stage to avoid ambiguity. 
Erosion is a geomorphological process defined as the 
detachment and movement of soil or rock by water, wind, ice or 
gravity (Research Branch of Canadian Department of Agriculture, 
1972). It can be classified according to either its intensity 
or the active agents involved. 
1.2 Erosion Intensity 
Two or three classes of erosion intensity are usually 
distinguished (Lowdermilk, 1935; Hudson,1971; Arnoldus, 1974; 
Rapp, 1974) :- 
(a) - natural or geological erosion 	In its broadest 
sense, this can be regarded as the natural erosion of the land 
in its natural environment without the influence of man or animals. 
It is the erosion caused by geomorphological processes acting over 
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long geological peridds and resulting in the wearing away of 
mountains and the building up of flood and coastal plains (Research 
Branch, 1972). This concept implies a low intensity under most 
natural conditions where erosion proceeds along lines of dynamic 
equilibrium (Leopold and Langbein,1962). 
- normal erosion : This is the gradual erosion of land 
used by man but not exceeding the intensity of:natural erosion 
(Research Branch, 1972). The concept of normal erosion vaguely implies 
that erosion proceeds along lines near dynamic equilibrium (Arnoldus, 
1974). 
- accelerated soil erosion (or 'soil erosion') : This is 
defined as erosion much more rapid than natural erosion, occurring 
primarily as a result of the influence of man or animals (Arnoldus, 
1974). The concept of accelerated soil erosion implies that this 
intensity of erosion does not proceed along lines of dynamic 
equilibrium, and therefore is an irreversible process, according to 
the laws of thermodynamics. Soil conservationists often define 
accelerated soil erosion as "erosion more rapid than normal erosion 
where the rate of soil loss exceeds the rate of soil replenishment," 
Arnoldus, 1974). 
Rapp (1974) observed that the processes of normal and 
accelerated soil erosion are essentially similar, but differ in both 
frequency and intensity. Failure to distinguish clearly between 
accelerated soil erosion and normal erosion in the past has contributed 
much to confusion and indifference with respect to recognizing and 
evaluating the seriousness of erosion damage and the importance of 
soil conservation (Stallings, 1957; Hudson, 1971). Normal and 
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accelerated soil erosion are both highly discontinuous and are 
connected with extreme events, such as droughts or floods. In 
both natural and man-exploited ecosystems, the semi-catastrophic 
and extreme event is very important (Sharpe, 1941; Wolman and Miller, 
1960; Piest, 1963; Ruhe and Daniels, 1965; Schunim and Lichty, 1965; 
Rapp, 1974). 
The conceptual definitions and distinctions made between 
natural and accelerated soil erosion by authors such as Lowderinilk 
(1935) and Arnoldus (1974) are simple to grasp in theory but hard 
tp apply in the field. One reason is because erosion causation 
and intensity have often been mixed together in definitions rather 
than viewed as two separate matters. For example, it has often 
been implied by definitions that man-induced erosion is always 
more intense than erosion occurring under natural, undisturbed 
conditions, whereas Rapp (1974) has emphasised this is not so. 
Particularly in the shorter-term, it is conceivable that relatively 
high erosion rates may occur on natural, undisturbed sites affected 
by freak storms or wildfires, just as man-disturbed areas may only 
experience quite low erosion intensities during quiescence. Data 
on erosion rates alone cannot, therefore, be used as evidence of 
man-induced erosion. 
A further difficulty in distinguishing clearly between natural 
and accelerated soil erosion arises from the need to view observed 
superficial soil losses in terms of morphogenesis and long-term 
soil replenishment, as illustrated in Fig. 1-A . Arnoldus's 
F.A.O. definitions stress that erosion rates must be considered in 
the context of soil replenishment. Superficial erosion rates alone 
may be misleading indications of what is really happening to the 
soil resource base at a site. For example, Table 1.1 shows that 
sites with comparatively high long-term superficial erosion rates 
would not be considered suffering accelerated soil erosion 
(A) The concept of "natural" or "geologic" soil erosion implies 
a long-term steady state where surface soil losses are 
counterbalanced by soil replenishment. This dynamic 
equilibrium is independent of the actual rates of erosion. 
(B) The concept of "accelerated" soil erosion as defined by 
Arnoldus (1974) for the F.A.a. implies a net loss of soil 
over time where surface soil losses exceed the amount of 
soil replenishment. 
Figure 1-A Concepts of geologic and accelerated soil erosion 
Long-term rate of 
SITE A SITE B SITE C SITE D SITE E SITE F 
surface soil loss 10 10 50 50 150 150 
(mm per yr 
Long-term rate of 
soil replenishment 1 10 50 1 155 145 
(mm per yr 
Net Result Slow Soil Soil Rapid Soil Very 
overall in in soil accuxn- slow 
soil equil- equil- wastage ulating soil 
loss ibrium ibrium loss 
Table 1.1 	Notional data illustrating the importance of considering erosion rates in the context of soil replenishment. 
according to Arnoldus's definition if soil was being replenished 
at similar rates. On the other hand, different sites coüld:be 
considered to be suffering accelerated soil erosion even though 
the actual ratesof superficial losses were relatively low. Hudson 
(1971) noted that in reality it is very difficult to measure or 
estimate rates of soil replenishment. Indeed, there are very 
few published estimates of soil replenishment rates in upland 
Britain. 	As a very broad approximation Bennet (1939) estimated 
it would take approximately 300 years to replenish 25 mm of 
topsoil under undisturbed conditions in regions such as upland 
Britain. However, Hudson (1971) estimated this gross average 
figure might be reduced to c. 30 years to produce 25 mm topsoil 
under tilling, where aeration, leaching and weathering are much 
increased. 	Such figures are only generalised regional estimates, 
and it is clear from estimations given by other authors that 
rates of soil replenishment can be expected to vary considerably 
from place to place according to local and regional differences 
in climate, land-use, slope morphometry, and other factors. 
Erosion scientists such as Evans and Imeson have estimated 
that in parts of upland Britain where shallow soil profiles 
overlie shattered bedrock or drifts, losing as little as 25 mm 
of topsoil in 30 years may be quite unacceptable for conservation 
purposes (if the land-use is to be sustained indefinitely without 
deterioration and loss of production), (Evans, pers.comms., 1975, 
1980). It is evident, therefore, that the term "accelerated 
soil erosion" needs to be defined very carefully before use. In 
this thesis it will be taken to mean man-induced soil wastage, 
irrespevtive of erosion intensity. 
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1.3 Soil erosion processes 
To avoid misunderstandings, it is worthwhile 
defining and discussing some of the processes of erosion 
referred to in subsequent chapters. These processes may 
be classified according to the active agent, yielding 
soil erosion by ice, gravity, water and wind. 
Soil erosion by ice and erosion by gravity are 
often considered of only local and minor importance. 
Soil erosion by gravity covers a large range of often 
completely different processes, some of which are of 
purely geologic nature. Detailed accounts of ice and 
gravity erosion processes may be found in Varnes (1958), 
Sharpe (1960), Leopold, Wolman and Miller (1964), 
Einbleton and King (1968), Selby (1970), Young (1972), 
Carson and Kirkby (1972) and Washburn (1973). 
In general, the action of water and wind are held to 
be the primary agents of accelerated soil erosion (Ayres, 
1936; Arnoldus, 1974), and are described in more detail 
below : - 
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1.3.1 Soil erosion by water 
'Soil erosion by water' represents a collection of 
processes sufficiently different from one another to justify a. 
further sub-division. It is convenient to differentiate between 
splash, sheet, rill, gully and riverbank erosion processes. 
Splash erosion is defined as the shattering of small soil 
particles by the impact of raindrops falling on soils. A part of 
the loosened and shattered soil materials is transported downslope 
by gravity and/or wind action. On a horizontal surface without 
wind action, the loosened soil particles are shattered in all 
directions, the net soil movement being zero. Although some authors 
have indicated that splash erosion can induce transport of soil 
over considerable distances on relatively gentle slopes (Bayer. et. al., 
1972; Osborne, 1953; Ekern, 1953; Strahier, 1969) • it is often 
assumed that splash erosion does not cause serious soil wastage on 
gentle slopes (Arnoldus 1974). This is becuase, although the soil 
detaching capacity of splashing is high (Ellison, 1947; Ellison and 
Ellison, 1947; Rose, 1960), the transporting capacity is usually low 
on gentle slopes, and thus the net erosive capacity is also low. 
However, one very important effect of splashing should be emphasized. 
Splash shattered particles tend to seal the pores at the soil surface, 
resulting in a reduction in infiltration capacity. The increased 
surface runoff caused by this surface sealing promotes sheet, nh 
and gully erosion processes. (Hendrickson, 1934; Smith and Wischmeier, 
1962; Young and Wiersma, 1973). 
Sheet erosion is often defined as the removal of a fairly 
uniform layer of soil from the land surface by runoff water (Research 
Branch, 1972), but this definition covers only part of what 
actually occurs. Ellison (1944a, 1944b, 1945, 1947) and Ellison 
and Ellison (1947), showed that sheet erosion is in fact the 
combination of two separate processes; splashing and sheet flow 
(overland flow). Splashing shatters and detaches soil particles 
whereas the sheet flow detaches and transports the soil materials 
(FAQ, 1965; Diseker and Yoder, 1936; Kirkby and Chorley, 1967). 
When rainfall intensity exceeds the infiltration of the 
soil, a water film will form at the soil surface and run off as 
soon as a certain thickness is attained (Horton, 1945; Kirkby, 
1969a, 1969b; Arno1du, 1974). According to Ellison's experiments 
(Ellison, 1945), sheet flow has relatively little detaching 
capacity and detachment is generally almost entirely due to 
splashing. However, the model which Horton (1945) developed 
certainly suggested that sheet flow might have a significant 
detaching capability in certain situations. A thick water film 
decreases the effect of rain drop impact to some extent, but 
the eddies in the water created by the rain drops also have a 
moderate soil detaching capacity (Stallings, 1953; Meyer and Monte, 
1965). These eddies also cause greater turbulence of the flow, 
increasing the overall transporting capacity. Sheet erosion can be 
either an ultimate or a transitional stage towards nil and gully 
erosion (Horton, 1941; Schuinm, 1956a, 1956b; Culling, 1965; Hadley, 
l977a). 
Rill erosion can be defined as a process in which many small 
channels, several centimetres deep, are formed (Research Branch, 1972). 
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Pills themselves are often defined as narrow, very shallow, 
intermittent water courses having steep sides, which present 
no obstacle to tilling. Often rills display a dense, sub-
parallel drainage and less often, a dense, sub-parallel 
dendrittic pattern. In geomorphological literature, sheet 
and nil erosion are frequently treated as completely separate 
and different processes, although soil conservation literature 
treats them as similar, since the measures taken against both 
are more or less equal. 
In reality, the distinction between nil and sheet 
erosion is difficult to apply, because all kinds of transitions 
between the two processes can be found. In fact, sheet erosion 
hardly every proceeds over an area as a whole with the same 
intention everywhere : some lines (micro-rills) can always be 
found where erosion is more severe. Another similarity between 
sheet and nil erosion is their effect on the soil. The position 
of rills is not permanent. After each important rain storm rills 
may be rejuvenated; erosion occurring chiefly by lateral erosion 
of the nil walls. The continuous shifting of the walls, together 
with tilling, leads to the eventual removal of a layer of soil over 
a certain area, as with sheet erosion (Bridges and Harding, 1970; 
Arnoidus, 1974; Morgan, 1973; Evans and Morgan, 1974). Rill 
erosion is seldom an ultimate stage : mostly it is a transitional 
stage towards gully erosion. 
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Gully erosion may be defined as a process which forms deep 
channels which cannot be removed by tilling. Unless otherwise 
stated, the term gully is used in subsequent discussions to refer 
to fairly wide and deep, intermittment water courses with steep 
sides. By and large, gully erosion is probably not so widespread 
as sheet erosion on a global basis, but its consequences for the 
land may be far worse, since gullies cannot be filled in by ploughing 
alone, and active gullies are often very difficult to control 
(Bennett,1939; Heede, 1976). Sometimes the part played by gully 
erosion in the total of soil erosion in an area may be over-emphasized, 
possibly because gully erosion is more readily perceived and detected. 
According to Arnoldus (1974) detachment and transport in gully 
erosion are both occasioned by runoff. As distinct from rill erosion, 
incision plays an important role in gullying. This strong vertical 
component prevents gullies from shifting course. Detachment is 
especially strong at the head of gully channels (plunge pool action 
and sapping by throughf low), at the outer banks of curves (channel 
undercutting and subsequent collapse), and in the bed itself, 
especially where the gradient increases (plunge pool action, whirlpool 
action), (Heede, 1976; Peist et. al. 1977). The erosive action of the 
water leads to an enlargement and widening of gullies and an integration 
of the drainage network (Strahler, 1955; Leopold, Wolman and Miller, 1964). 
This integration is an important phenomenon which takes place through 
cross-grading and micropiracy. These processes are also responsible 
for the most rapid transitions from rill to gully erosion (Seginer, 1966; 
Morisawa, 1968; Piest, et al., 1975, 1977). 
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Unless gully erosion is stopped or inhibited through soil 
conservation measures, gullies may enlarge by headward erosion 
until they reach the divide (Arnoldus, 1974). In addition, they 
may enlarge in width and increase in depth (Heede, 1976). The total 
depth of a gully isoverned by one or more local base levels. 
Gully widening is generally the result of undercutting, sheet flow, 
and mass movements, (especially soil fall and slumping), (Arnoldus, 
1974; Imeson and Jungerius, 1977); the relative importance of 
the various processes largely depending upon the nature of the 
material into which the gully is cut and the prevailing climate 
(Fournier, 1960; Miller et. al., 1962; Thompson, 1964; Stoddart, 
1969; Carson, 1971; Gregory and Walling, 1973). 
Riverbank erosion or more justly 'bank erosion', is often 
regarded as a distinct process, defined as the lateral erosion 
of a stream (Research Branch, 1972). However, this term is also 
used more generally to indicate that, for one reason or another, 
a riverbank is eroding (for example, becoming rapidly dissected 
by gullies ), (Arnoldus, 1974). Unless otherwise stated, the 
present study will only use the term 'bank erosion' in the first, 
strict sense. It is important to recognise however, that the term 
does not apply solely to rivers; bank erosion plays an important 
part in nil erosion and a less important part in gullying. 
Arnoldus (1974) noted that bank erosion does occur in hard bedrock, 
but may only be a serious process in unconsolidated materials, 
because both frequency and magnitude are much greater under these 
conditions. Bank erosion is responsible for the shifting courses 
of rills and the widening of gully walls. Undercutting triggers 
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off slides, slumps, and falls of the undercut portions of the 
banks, which in turn may divert water and cause further erosion 
(Woirnan, 1959). 
The erosion of some cliff-like margins along the edges of 
some lakes and impounded reservoirs is also sometimes referred 
to as bank erosion. However, in the present study the erosion 
of such sites will be termed lake or reservoir bank erosion. 
1.3.2 Soil erosion by wind 
Soil erosion by wind (deflation) can be defined as the 
detachment and transport of soil particles by wind at a rate higher 
than that of normal wind erosion (Arnoldus, 1974). This definition 
implies a gradual irreversible loss of soil. Wind erosion is 
centred round the pattern of wind near the soil surface and its 
effect upon the initiation of soil movement, the transportation of 
soil particles, and the deposition of soil at a new location 
.(Zingg and Chepil, 1950; Stallings, 1951; Bayer et. al., 1972). The 
detachment of soil particles results both from air pressure and 
impact of other moving soil particles. Detaching of soil particles 
by impact seems to be particularly important once movement has started, 
but initial soil movement has to begin by the effects of fluid 
pressure alone. Wind generates three different types of soil particle 
movement which occur simultaneously. These are saltation, surface 
creep, and suspension. 
Saltation is a movement whereby the soil particles involved 
are transported short distances through the air. According to 
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chepil, (1945), 50-75% of the movement of particles by wind 
is in saltation. Particles in saltation are highly abrasive 
and may help break down non-erodible soil clods into less 
resistant parts (less than 0.84 mm), (Chepil, 1953). Saltation 
may be the result of a direct hit from a descending particle or 
from impact of rolling soil grains (Chepil, 1945). Particles 
start their trajectory with an almost vertical rise, the height 
depending upon the initial velocity. While rising, they gain 
forward momentum which makes them descend in almost straight 
lines with angles between 6 and 12* from the horizontal. On 
striking the ground, the particles may rise again or lose their 
energy by striking other grains. 
Surface creep is caused by the =impact of small particles 
in saltation on bigger particles, by impact of other rolling 
particles, or by loss of momentum of a particle previously in 
saltation. Some particles involved in surface creep may be moved 
by direct pressure of the wind. Fewer soil particles are moved 
in creep than in saltation. Particles moved in surface creep roll 
along and do not lose contact with the ground surface. 
Dust is transported by movement in suspension, and once 
detached from the soil surface can be moved long distances. Normally 
the movement of the dust fraction (less than 0.05 mm) is not due 
directly to fluid pressure, but to the energy imparted by impact 
with larger particles (chepil, 1958; Bayer et. al., 1972). However, 
if dust particles protrude into the turbulent layer of air, as they 
may do on some soil clods, fluid pressure alone can detach them (Chepil, 
1958). 
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1.4 Factors affecting soil erosion 
This section outlines terms and concepts concerning the factors 
affecting soil erosion processes. It is not intended as a comprehensive 
review, and only considers points relevent to discussions in later 
chapters. 
Essentially, erosion is a function of the factors affecting the 
erosion processes mentioned in section 1.3 . The first group 
(erosivity factors) determines the nature and magnitude of the stress 
applied to the soil by the agents responsible, especially wind and 
water. The second group of factors (erodibility factors) determines 
the responses of the soil to the applied stresses. 
EROSION 
EROSIVITY 	 ERODIBILITY 
I 
WIND & RAINFALL 	PHYSICAL CHARACTERISTICS 	LAND MANAGEMENT 
(energy applied) 
It is convenient to discuss the factors affecting soil erosion by 
wind and water separately because the extent to which soils erode varies 
considerably according to the agent responsible for the applied stress. 
1.4.1 Factors affecting soil erosion by water 
Part III of this thesis suggests that soil erosion by water is 
one of the significant processes of erosion in the Lammermuirs, so it 
is important that the factors affecting this fundamental set of 
processes are reviewed briefly. 
Water erosion is due to the dispersive action and transporting 
power of water - usually as it descends as rain and leaves the land 
in the form of runoff. The dispersive action and transporting power 
of water are determined by, first, the dispersive power of falling 
raindrops and the amount of and velocity of runoff, and, second, the 
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the resistance of the soil to disoersion and movement. If the amount 
of runoff is small and its velocity is low, erosion will not be severe. 
If the total amount is large and the velocity is low 1 soil movement is 
not likely to be excessive. When both factors are high1 erosion may 
be serious. For any given characteristics of rainfall and runoff, 
various soils will erode differently, dependent on the resistance that 
is offered to dispersion and movement. If the soil is protected by a 
good vegetative cover only slight erosion will occur under excessive 
rainfall and runoff. If the soil is unprotected, erosion may result 
from relatively small runoffs. The degree of soil movement depends 
on the ease with which the soil can be dispersed, primarily by the 
action of the rain itself. The amount and velocity of runoff are 
dependent upon rainfall characteristics, the slope form and area of 
the land, and the ability of the soil to absorb and transmit water 
through the profile. 
Factors Affecting Soil Erosion Due to Water 
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The relationship of water erosion to the various contributing 
factors is shown above schematically. It is seen that erosion 
occurring at any site is a function of the following variable factors 
Climate : Topography Vegetation Soil Properties and Characteristics 
Since Man plays a considerable role in disturbing conditions, thus 
causing and preventing erosion, a fifth variable, the human factor, 
may also be considered- Climate, the overall slope and form of the 
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land and certain physical and chemical properties of the soil cannot be 
directly controlled by Man. Their effects, however, can be modified indirectly, 
as by the use of terraces to cut down the length and slope of steep lands. 
The following five sub-sections discuss in turn the influence of Climate, 
Topography, Vegetation, Soil Characteristics and Management on soil erosion 
by water. After this general discussion, more detailed considerations are 
presented in 1.4.1.6 which relate to some of the work presented in Part III. 
1.4.1.1 Climatic factors 
Comprehensive reviews on the influences of Climate on water erosion 
may be found in texts such as Hudson (1971), Bayer (1956) and Bennett (1955). 
The major climatic factors influencing water erosion are precipitation,:: 
temperature and wind. Precipitation is the most important of these. Temperature 
affects runoff affects runoff as far as it contributes to changes in soil 
moisture between rains, determines whether the precipitation will be in the 
form of rain or snow, and changes the absorptive properties of the soil for 
water by freezing the soil to an appreciable depth. The wind effect is 
primarily related to its influence on the angle and impact of raindrops. 
Concentrating attention on precipitation falling as rain, it is 
evident that the amount, intensity and distribution of the rainfall help to 
determine the dispersive action of the rainfall upon the soil, the amount 
and velocity of runoff, and the losses due to erosion. A large total rainfall 
may not cause excessive erosion if the intensity is low. Likewise, an intensive 
rainfall of short duration may not cause much soil loss, because there is 
insufficient rainfall to induce runoff. On the other hand, when both the 
intensity and duration of a specific storm are sufficiently great, both runoff 
and consequent erosion may be considerable (Hudson, 1971). In view of this, 
Chapter 2 discusses the climate of the Lainmermuirs and examines runoff patterns. 
Erosion findings presented in Chapter 6 are viewed in the light of rainfall 
events and storm magnitudes and frequencies for the same reasons. 
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1.4.1.2 	Topographic factors 
Slope characteristics are important factors in determining the 
amount and intensity of runoff and water erosion, which are comprehensively 
reviewed in standard texts such as Young (1972), Carson & Kirkby (1972) and 
Zingg (1940). A wealth of literature exists on this topic in fact. 
Erosion by water is not usually excessive in extremely flat lands, 
but as soon as the topography becomes slightly rolling, erosion may occur 
under certain conditions. The degree and length of slope are two essential 
topographic factors that concern runoff and erosion. The steeper the slope, 
the greater the potential for erosion by water for several reasons. There is 
more splashing downhill, there will be more runoff, and it will flow faster. 
Therefore, the amount of erosion increases rapidly as the slope increases. 
For example, early work in the United States by workers such as Diseker and 
Yoder (1936), Neal (1937) and Borst et. al. (1945) suggested that on slopes 
below six degrees the amount of water running off a slope approximately 
doubles as the slope increases by twofold (depending to some extent on the 
intensity of the rain) . Neal's data showed erosion varied as the 0.7 power 
of the percentage slope. Similarly, Zingg (1940) analysed data from numerous 
Soil Conservation Stations and found that erosion varied according to the 
equation : - 	 = 0.065 S 1.49 
where X is the total soil loss 
c 
S is the slope (%) gradient 
Other workers who have produced similar findings include Musgrave (1947) and 
Hudson and Jackson (1959). 
The length of slope has a similar effect on soil loss because on a 
very long slope there is a bigger build-up of the amount of surface water 
runoff.. and an increase in the depth and velocity of the. runoff. This leads to 
scouring which would not occur on shorter lengths of slope. The exact effect 
of the length of slope on erosion seems to vary considerably with the type of 
soil (Arnoldus, 1974). For example, zingg (1940) showed that erosion on his 
experimental station soils was a function of the length of slope as expressed 
by the equation 	 1. 53 
X =0.0025.L 
C 
where L was slope length (feet) 
Doubling the horizontal length of the slope was observed to triple the amount 
of erosion. When expressing soil loss as a function of slope, it is important 
to differentiate between total soil loss and loss per unit area, for the longer 
slope loses more soil altogether just because it is bigger in size. Thus in 
Zingg's expression : - 
X =C. L 
C 
alternatively 
E = 	L 	 where E is loss per unit area 
b is the exponent (c.0.6) 
Several authors have noted that of the two characteristics of slope gradient and 
slope length, the former is more important from the standpoint of erosion. 
Unfortunately, although the empirical work touched on above serves to 
illustrate the importance of gradient and slope length on erosion, it is arguable 
whether such research has any direct bearing on upland erosion in the area 
like the Lanimermuirs, because the bulk of the studies on slope length and 
gradient effects have been restricted to small plots, rarely longer than 
200 m , and often less than 30 m long, and often on only gentle to moderate 
slope angles. 
Slope form and shape are other important factors influencing water 
erosion processes because they determine which type of process occur. Sheet, 
rill and gully erosion are processes which all depend upon runoff, and the 
pattern and distribution of runoff is greatly influenced by slope form. 
Normally, regarding slope form, one distinguishes between convex, straight 
and concave slopes or slopes combining these forms. This refers to the 
vertical (radial) slope section. These radial forms alone, however, have no 
go 
significant influence on the type of water erosion processes likely to 
occur. Sheet, nil and gully processes can occur on any radial slope 
form. What really matters is the overall three-dimensional shape of 
the slope. Figure 1-B shows the combinations of radial and contour 
slope forms, yielding nine basic slope shapes. 
Fig. 1-B Illustration of possible slope-forms (adapted from Troeh, 1964). 
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From this illustration it is evident that all concave slope forms 
concentrate runoff, so gullying is likely to occur on such slopes. 
Slope forms with a straight contour section will not concentrate runoff 
if no other factors (such as drainage schemes) interfere, so both 
sheet and nil erosion processes are likely to occur on these slopes. 
Concentrations of runoff are opposed by slopes with a convex contour, 
and on such slopes, gullying is less likely to occur. Both ruling 
and sheetwash may occur on these slopes, however, sheetwash processes 
are most likely (Trceh, 1964; Wilson, 1968; Arnoldus, 1974). In areas 
such as the Lammeninuirs, whose topography is described in detail in 
Chapter 2, the total volume of runoff may also be influenced by the 
width of the divides and the sizes and forms of the upper slopes and 
plateaus collecting water feeding into steep-sided valleys. 
Besides meso.-topography, microtopographic factors also play a role 
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in determining what type of erosion processes will occur. A striking 
example of this (albeit caused through human management) is the micro-
ruling in plough furrows when fields are ploughed up and down the 
slope (Monteith, 1974). Micro-uneveneSs on a slope may promote 
concentrations of runoff, promoting ruling and gullying. Even tiny 
obstacles such as grass tussocks may be sufficient to change runoff 
patterns from unchannelled to channelled. 
1.4.1.3 	Vegetation factors 
It is evident from the enormous volume of literature covering 
water erosion (Hudson, 1971 lists many authors) that vegetation may 
influence erosion in many ways. These effects are briefly summarised 
below : - 
Interception of rainfall : Living or dead plant tissue affects soil 
erosion by minimising the destructive power of raindrops. beating on the 
soil surface and by maintaining soil surface porosity (Lowdermilk,1930 
Hedrickson, 1934). By preventing intercepted water from contributing 
to runoff, plant material also reduces total rainfall amounts. 
Decreasing runoff velocities 	Any vegetation cover is an impediment 
to surface runoff. By reducing the concentration of water and limiting 
the velocity of surface flow, groundcover inhibits the incisive action 
of runoff. 
Root effects 	Live plant roots not only help to bind the soil together 
(Weaver, 1937), but also help increase soil granulation and soil porosity. 
The channels made by roots pressing aside the soil as they grow may persist 
for a long time, promoting water absorption and reducing the total amount 
of surface runoff. There is a close dependence of root materials upon the 
abundance and vigour of superficial parts of plants. Frequent removal or 
disturbance of the aerial parts of plants may lead to weakening and 
eventual death of roots. If trampling and overgrazing by livestock 
lead to diminishing roots and rhizomes, soil porosity may be reduced and 
may result in erosion. This is an important aspect which is taken up 
in Chapter 7, which discusses range management and habitat deterioration 
symptoms. 
Biological effects 	It is well-known that the soil fauna are most 
abundant where there is ample vegetation cover. The soils found under 
dense sods and thick forests are usually permeated with the channels 
and burrows of earthworms, beetles and other soil fauna. These channels 
help make the soil more permeable to water, as shown by Wollny as long 
ago as 1890, who raised the permeability of a soil from 2.9 litres 
per 10 hours to 74 litres per 10 hours following the introduction of 
earthworms. Removal of litter by overburning or overgrazing may 
destroy the conditions favourable to maintenance of an abundant soil 
fauna, thus increasing runoff and favouring erosion (Auton, 1934). This 
is a particularly relevent consideration in upland areas like the 
Lanimermuirs where overburning and overgrazing have been alleged to occur. 
Transpiration : By removing water in the soil profile by evapo-
transpiration, vegetation also increases the storage capacity of the 
soil for water. Combined with the interception afforded by vegetal 
canopy, decreased velocity of runoff, and increased soil permeability, 
the importance of vegetaion cover becomes all the more significant. 
The vegetation of the Lammermuirs is outlined in Chapter 2, and 
special attention is paid to the status of the Lanimermuirs and recent 
conservation trends in Chapter 7 in view of the effects of groundcover. 
1.4.1.4 The influence of soil characteristics and properties on erosion 
Whilst the dominant factors controlling the severity of soil 
erosion are rainfall energy, topography and vegetative cover, it has 
long been recognised that even where these important factors are constant, 
variation in soil properties and characteristics may still produce 
differences in soil loss. Bennet (1926) was one of the first to 
recognise the erosion resistant properties of soils, later termed 
"soil erodibility" by Cook (1936). 
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ErodibiltY is often defined as a soil quality indicating the ease 
with which a soil yields-to mechanical stresses exercised by water or 
wind (Middleton, 1930; Hudson, 1971; Arnoldus, 1974; Toy, 1977), but 
the properties determining how much resistance is offered to the stres 
are not the same in the case of water erosion as in the case of wind 
erosion. although both cases involve the mechanical strength of the soil. 
The difference in the soil properties concerned is related to the 
differences in the conditions under which the processes occur. In 
water erosion the important properties are those determining the 
mechanical stability of a wet soil, whereas in wind erosion the 
important properties are those influencing the mechanical stability of 
a moist or even a dry soil. For the purposes of this section, it is 
convenient to concentrate particular attention on the factors influencing 
the erodibility of soil to water erosion. 
Factors influencing soil erodibility to water erosion processes 
There are two groups of factors influencing soil erodibility by 
water erosion processes. The first includes the physical and chemical 
characteristics of the soil. The second includes the treatment of the 
soil by Man. The effects of treatment by Man are difficult to asses 
and are discussed, therefore, in a later section. 
Bennett's initial work in 1926 on the erodibility of Cuba's 
lateritic soils determined the important soil properties influencing 
erodibility to be TEXTURE, STRUCTURE, ORGANIC MATTER CONTENT, and 
CHEMICAL COMPOSITION. These factors influence the ease with which 
the soil will (A) Disperse and (B) Transmit and retain water. 
The overall effect of these soil factors on water erosion may be 
summarised in the following descriptive equation 
EROSION = constant x EASE OF DISPERSION OF SOIL AGGREGATES 
SOIL SURFACE 	SOIL PROFILE 	PARTICLE 
INFILTRATION x PERMEABILITY x SIZES 
CAPACITY 	 (TEXTURE) 
This equation emphasises the importance of both the dispersion of 
soil particles inthe surface layers and the pore-space relationships of 
all the layers of the soil profile in determining the erodibility of the 
soil (Bayer, 1940). 
Although the erodibility of the uppermost layers in the profile 
is particularly important in determining the response of the soil as a 
whole to the applied erosive stress, impervious horizons may also 
influence erosion by causing piping in certain situations, or more often 
saturated overland flow with consequent sheetwash and ruling (Kirkby, 
1969a, 1969b). This is an important consideration in an upland area 
like the Lammermuirs where soils may have ironpan horizons. The soil 
profiles in the Lammermuirs and other soils information are therefore 
described in Chapter 2. 
Having introduced the inter-action of basic factors such as 
texture, structure, and composition, the following section indicates why 
these properties are important in determining soil erodibility. 
Topsoil is made up from primary aggregates, secondary aggregates, 
materials among the secondary aggregates and surface crust, and one of 
the most important properties determining the resistance of the soil to 
dispersion is the degree to which the primary and secondary aggregates 
are bound together. The increased size of the aggregates relative to 
their constituent mineral particles increases the soil's resistance 
to mechanical stresses caused by raindrop impact and overland flow. 
Moreover, by altering the soil's pore size distribution, aggregation 
affects processes such as soil-water retention and infiltration. 
The size distribution of aggregates is not a constant property 
of a particular soil, but depends to a large extent on the balance 
between forces tending to promote aggregation and those tending to 
disperse aggregates as well as on the strength of the chemical bonds 
between particles, which is related to a number of soil characteristics 
including clay content, organic content, and soil mineral composition. 
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Forces affecting aggregation include those associated with wetting and 
drying, freezing of soil-water and root pressure. 
Generally, sandy soils are more erodible to simulated rainfall 
than clayey soils as the aggregates of these sandy soils slake more 
readily and seal up the soil surface. Soils with a higher clay and 
organic matter content have more stable aggregates because of the 
strong bonds between their colloids. Other less important factors 
contributing to aggregate stability are that divalent (calcium) 
cations are held more firmly by colloids than are monovalent (sodium) 
cations ; the binding of particles by root secretions and mucillaginouS 
gels formed by the breakdown of organic matter. Texts outlining these 
points in further detail include Chepil (1953b), Bayer (1956), Emerson 
(1959, 1966, 1967), Buckman and Bradie (1960), Hudson (1971)Brady (1975), 
Courtney and Trudgill (1976), 	Bryan (1977) and Greenland (1965a,1965b). 
Primary soil aggregates seldom exceed one millimetre in diameter 
(Chepil & Woodruff, 1963) and are stable under mechanical stress in both 
water and wind conditions (Carson, 1971). When dry, secondary aggregates 
comprise primary aggregates chiefly held together by water dispersible 
cements whose particles are smaller than 0.02 mm in diameter. The 
behaviour of the cementing particles, and thus of the secondary 
aggregates, varies considerably under wet and dry conditions. When wet, 
the secondary aggregates may fall apart because the cement disperses 
(Alderman, 1956). 
The secondary aggregates are cemented together to form as mass by 
the material among these aggregates, which consists largely of clay and 
silt particles with derived organic materials. The degree of cementation 
depends on the amount of water dispersible particles (silt + water 
dispersible clays) (Bouyoucos, 19357 Yoder, 1936; Bryan, 1968; Emerson, 
1966; Grissinger, 1972). The behaviour of the material under wet and 
dry conditions is the same as that of the cement in the secondary 
clods. 
The surface crust of a bare soil may give protection against wind 
erosion because it is cemented by dispersible clays and silts (Arnoldus, 
1974; Wischmeier, 1977), but it seals the ground surface when wet, 
promoting runoff and consequently sheet, nil and gully erosion 
(Ekern, 1953; Smith & Wischmeier, 1957; Adams et.al ., 1958; Wischmeier 
& Mannering, 1969; Kirkby, 1969a, 1969b; Balçi, 1971). 
Thus, water dispersible particles decrease the erodibility of a 
soil under wind conditions but increase the erodthiiity under water 
erosion conditions (Bryan, 1968; Chepil, 1951, 1953b, 1955, 1956) 
In addition to soil texture and chemistry, soil structure also 
plays an important role in determining the erodibility of a soil by 
influencing water infiltration rates and soil-water storage and thus 
runoff amounts and intensities. Single grain and granular structures 
permit rapid water infiltration. Prismatic and blocky structures allow 
moderate rates of water movement into and through the soil, but massive 
and platy structures inhibit infiltration by water and throughflow. The 
structure of the soil may be affected by Man's activities, such as 
compaction by machines and animals, ploughing and so on, and so is not 
a strictly independent soil characteristic. It is also a very difficult 
property to assess and measure. 
Table l..i below summarises how some of the most important soil 
characteristics,from the point of view of soil consevation,influence 
soil erodibility. This is based upon the work of authors such as 
Arnoldus (1974), Bryan (1974), Chepil (1953, 1956), and Wischxneier, 
Johnson and Cross (1971). These soil characteristics will be 
borne. in mind vis-a-vis the soils of the study area in Chapter 2. 
Assessing the erodibility of soils 
For many years soils 3cientists attempted to relate the amount of 
soil erosion as measured in the field to various physical characteristics 
of the soil that can be measured and assessed in the laboratory. In fact 
Table 1.1 Relation of Selected Soil Properties to Soil Erodibility 
SOIL PROPERTIES Water Erosion Wind Erosion 
PRIMARY AGGREGATES •.,,. smaller than 0,02 mm 0 , 	U + , 	( 	U 
.... O.O2mm-O.84mm o,U 0, U 
.... O.84mm-3.00mm o,u +, s 
larger than 3.00 mm + , 	S + , 	S 
SECONDARY AGGREGATES 
dispersible clay + silt in s.a. 0 , U + , 	( 	U 
dispersible clay + silt amongst s.a. -. ,U + , 	( 	U 
NON-DISPERSIBLE CLAY CONTENT + , 	( 	U 	) + , 	( 	U 
TOTAL CLAY CONTENT ( 	+ ) 	, 	( 	U 	) + , 	( 	U 
SAND CONTENT 	•... smaller than 0.84 mm ( 	+ ) 	, 	( 	U 	) - , 	U 
larger than 0.84 mm ( 	+ ) 	, 	( 	U 	) + , 	S 
PERCENTAGE ORGANIC MATTER CONTENT + + 
SURFACE CRUST - - ( 	+ ), 	 ( 	S 
SOIL MOISTURE CONTENT 	... wet - + 
...moist (-) (+) 
...dry (+) (-) 
PERMEABILITY 	 ... high + o 
• ..low (-) - 
O = NO SIGNIFICANCE 
KEY : 	+ DECREASES ERODIBILITY 	S = STABLE 	( S ) Brackets denote slight effect, but not significant 
- INCREASES ERODIBILITY U = [INSTABLE 
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work in this field included either singly or in combination almost every 
soil property which is capable of quantitative measurement. Bryan (1968) 
reviews more than thirty studies of this type. Pioneer work was done in 
America in the thirties when attempts were made to explain the results of 
early field soil erosion experiments in terms of soil properties(Lutz, 1934). 
Bouyoucos (1935) suggested that erodibility is proportional to the ratio 
% sand + % silt 
% clay 
and Middleton (1930) also used a dispersion ratio based upon the changes 
in silt and clay content before and after dispersion in water as an index 
towards erodibility. Peele (1937) included a measure of the rate of water 
percolation through the soil, and Yoder (1936) developed a technique later 
adopted in studies of soil structure, for measuring the stability of soil 
aggregates when mechanically agitated in water. Other methods based 
essentially on mechanical analysis have been used in Russia by Voznesensky 
and Artsruui (1947),  in India by Ballal (1954), and in France by Henin (1963). 
Chemical properties influenincing erodibility were investigated by 
Wallis and Steven (1961) and others. Some of these studies have been partly 
successful in that they have given some indication of the relative resistance 
to erosion inherent in different soil types,for example see Epstein and 
Grant (1967),or have allowed a comparitive assessment of the effects of 
alternative management practices on specific soils. Until recently, the 
approach was less successful in providing a quantitative estimate of the 
erosion which will occur when the soil is subjected to rain of known 
erosive power. Wischmeier and others changed this position somewhat 
when they showed good correlation between soil erodibility and an index 
containing fifteen physical and chemical properties of the soil.. 
(Wischineier et.al ., 1969). Subsequently this has been refined and 
simplified to a more practical index of only five soil parameters 
(Wiscbnieier, 1971), which showed great promise for use in lowland 
agricultural areas. However, there are as yet no published means of 
Although precise prediction of erosion in the upland environment 
has yet to be achieved, it is quite possible to use raw soil survey 
analysis data to give a rough indication of possible erodibility of 
soils. For example, Fig. 1-C plots the particle size distributions of 
numerous soils from parts of Canada, United States, Britain and India 
which are known to be erodible, (after Evans, 1980, private communication). 
There is a wide scatter of points, but it is evident that erodible soils 
generally have a restricted clay content. Over 85 percent of the known 
erodible soils contain between 9% and 35% clay (USDA size definitions). 
There are no known erodible soils in the sand class, and the sand in the 
erodible loamy sand soils is fine sand. Soils with more than 35% clay 
are usually coherent, forming soil aggregates which are resistant to 
raindrop impact and splashing. Clays often form soilsand their rough 
surfaces store muh water and are resistant to nil and sheet erosion. 
Sands and coarse loamy sands have high infiltration rates and even if 
the infiltration rate is exceeded, sand particles greater than 0.3 mm 
diameter are rarely eroded by flowing water or raindrop impact. The 
study area's soils are described in the light of this knowledge in 
Chapter 2. 
The propertion of a soil comprising water stable aggregates less 
than 0.5 mm is also known to be a good index towards erodibility (Bryan, 
1974; Rai et.al ., 1954) ; the greater the proportion ofaggregates less 
than 0.5 nun diameter, the greater the soil eerodibility. Bennett (1926) 
noted that clays with silica:sesquioxide ratios greater than two are 
often erodible, and Bryan (1971) considers clay mineral type to be an 
important factor controlling the stability of aggregates, and hence indicates 
soil erodibility. These characteristics are often available from local 
soil surveyor's memoirs and can be used to gauge erodibility in the absence 
of other evidence. Organic matter content is also used for this purpose 
in Chapter 2, because Greenland et. al. (1975) showed soils in England 
with less than 2% organic carbon C = 3.5% organic matter Allison,1973), 
have unstable aggregates and are therefore erodible. Soils with less than 
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2 % organic matter content are usually considered erodible by soil 
conservationists in the United States (Smith et. al., 1954). The-soils 
of the Lammermuirs are viewed in the light of this in Chapter 2.., where 
it is seen that some soil series have erodible characteristics and others 
do not. 
1.4.1.5 The Influence of Land-Management Factors on Erosion by Water 
Land management is one of the fundamental aspects of the. 
controversy about upland erosion outlined in the previous chapter and 
is an important element of discussions in Part III. It is well known 
from work in other parts of the world that the amount of soil erosion 
occurring under specific conditions is influenced not only by the inherent 
physical properties of the soil itself, but also by the human management 
which it receives. Hudson (1971) suggests that a hill may lose hundreds 
of tonnes of soil per hectrare per year when used for the cultivation of 
row crops with the rows running up and down the slope, while on an 
otherwise identical site with the ground under well managed pasture,just 
a few metres away, the ground might only lose as many kilogrammes of soil 
per hectare per year. 
The difference in erosion caused by different management of the same 
soil is usually much greater than the difference in erosion caused on 
different soils under similar management regimes (Hudson, 1971). In other 
words, erodibility is influenced more by the effects of management than by 
any other factor. In this sense, management does not just mean the type of 
crop or pasture, for erosion response depends more on how a crop is grown 
than which crop is grown. Obviously the total effect of management is to 
influence a wide range of physical factors, including slope angles, slope-
lengths, micro-topography, vegetation and litter cover, root and biotic 
activity, soil compaction and structure, soil aggregation, which combine with 
other characteristics to determine the ease with which the soil will disperse 
and transmit water, and hence erode when erosive stresses are applied by 
rain and runoff. 
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1.4.1.6 Factors influencing specific water erosion processes 
Having considered in broad, general terms the effects of certain types 
of factor on water erosion processes, it is useful to consider these 
processes and their influencing factors in detail. 
WAC'PCW. AFFECTING SPLASH EROSION 
In the splash erosion pr cess the impact of raindrops causes both 
detachment and transport. The kinetic energy of each raindrop equals 
K = ½.m-v2 	where K = kinetic energy 
M = raindrop mass 
V = velocity of drop 
The energy available for erosion is therefore dependent upon the velocity 
of the raindrop at impact. This terminal velocity depends on fall height, 
drop size and the driving force of the wind (Ellison, 1944b; Ekern, 1953; 
Laws and Parsons, 1943; Bayer et.al.? 1972). However, in general, for 
trajectories greater than 10 m terminal velocity is dependent only on 
drop size or drop mass. (Arnoldus, 1974). 
The mass of a raindrop does not change during its descent unless it 
exceeds a maximum size and disintegrates (Best, 1950, quoted in Ekern, 1953). 
Several authors have reported relations between medium drop size ( D ) and50 
rainfall intensity for non-orographic rainfall (Laws and Parson, 1943; Smith 
and Wischmeier, 1962), but these relationships may have only local 
significance. 	Nevertheless, it follows that the kinetic energy of a 
non-orographic rainstorm can be calculated from the rainfall energy (Hudson, 
1971). This is used in Chapter 6 to gauge the energy of specific storms 
monitored by the author using autographic rainfall recorders. 
The effect of a raindrop hitting the soil surface with a given kinetic 
energy is also influenced by other factors such as the antecedent moisture 
conditions. Dry soil surfaces have a rapid moisture intake, so they may 
immediately absorb a raindrop. Wet soils cannot absorb drops so easily 
and may have lower cohesion, so splash erosion may occur. 
So far, this discussion has only referred to free-falling rain 
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applied to bare, unprotected soil. However, in many instances a 
proportion of the rainfall may be intercepted before reaching the 
soil surface. In almost every case, interception is by living or 
dead plant tissue. When a soil is covered with litter, the remains 
of old plant materials, the energy of raindrops may be completely 
neutralised (Bennett, 1955 ; Hudson, 1971; Arnoldus, 1974). If only 
part of the soil is covered with litter, the non-covered parts will 
still be fully hit by raindrops, but the total stress applied to the 
soil as a whole is diminished proportionally. Where no litter cover 
is present the effect of vegetation canopy may be important. Dense 
grasses and similar cover also neutralise raindrop energy either - 
completely or almost so. 
Plants whose leaves are a certain height above the ground may 
only partly neutralise raindrop energy. The total amount and density 
of canopy determines how much rain is intercepted by plants. Drops 
falling from leaves onto the soil surface usually have larger diameters 
than average temperate rain (Arnoldus, 1974) and thus their kinetic 
energy equals their potential energy 	- 
K = P = m.g.h 	where K = drop kinetic energy 
m = drop mass 
g = acceleration due to gravit' 
h = either fall height or 
the traject needed to 
attain terminal velocity, 
whichever is lower. 
The total kinetic energy of drops dripping from leaves is less than that 
of the total rain storm, but the individual drops dripping through the 
canopy may have more kinetic energy than the average storm drop, provided 
the falling height is sufficiently high. Low canopy and high canopy 
should therefore be distinguished in assessments of status such as those 
presented in Chapter 7. 
Studies by Ellison (1947), Ekern (1953) and others indicate that 
the splashing of soil on a horizontal plane, in the absence of wind, results 
in a transport of splashed particles in all directions, so the net transport 
rate is zero. On inclined surfaces, however, a majority of the particles 
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move in a downslope direction due to gravity. Ekern (1953) estimated that 
the percentage of particles moving downslope equals 50% +f(slope)% 
Splash erosion results wherever raindrops hit the soil and a 
downslope component is provided, either through gravity or wind action. 
Given a bare soil surface on a slope, splash erosion will occur everywhere 
other than where there is soil erosion by water flow. The effect of splash 
erosion will diminish when a water film starts to form and will continue 
only where this film is thin, Thus in areas where sheet erosion is active, 
there will be an initial phase where splashing is replaced by sheetwash 
erosion. In areas where channelled erosion is active, there will be a first 
phase when splashing alone is active, and a second where channelled erosion 
occurs, and when splash erosion and sheetwash erosion processes are 
simultaneously or separately active in between the channels. 
FACI0RS AFFECTING SHEET EROSION 
When sheet flow begins, a large number of soil particles will usually 
have been detached already by splash erosion. The kinetic energy of sheet 
flow is partly used to transport these particles, but in addition, further 
detaching may occur due to the shear stress exercised by the sheet flow at 
the soil surface (Horton, 1945; Kirkby, 1969b; Emmett, 1970; Zavlavsky, 1970). 
Horton (1945) suggested the erosive force of sheet flow could be represented 
by the ecuation - 
F = w. d . sin cc 
12 
where : Fe = Shear stress per unit area of soil surface (lb/ft 2 ) 
w = weight of 1 cubic foot of fluid (lb) 
d = depth of overland flow (ins) 
cc = slope angle (degrees) 
Shear stress is also related to the velocity of flow. Horton established 
the following relationship between depth of sheet flow and velocity - 
75 
d = 0.000277 • 1 • qr 
V 
where : 1 = slope length (feet) 
qr= runoff intensity (ins/hr) 
v = flow velocity (ft/sec) 
It is possible to express shear stress as a function of runoff on a slope 
with straight contours as - 
3/5 
Fe 	= 	
( q . n • x ) 	 sin cc 
fT 	1020 	 • 	0.3 tan 	cc 
where : Fex  = shear stress at distance x from divide 
n 	= surface-roughness coefficient (ranging from 0.05 to 0.10 
for soil surfaces). 
X 	= distance from the divide 
Surface roughness is a variable soil characteristic, the main 
influences over which are the type, shape and strength of the topsoil's 
structural units. However, these may be manipulated by tillage, cultivation 
and harrowing. The soil characteristics determining surface roughness may 
also change in the course of a rainstorm as a result of processes such as 
splashing. A high surface roughness means a high depth of the flow and 
hence a high shear stress. The distance away from the divide is important 
since with increasing distance, runoff accumulates, so the depth of flow 
and hence the shear stress of the runoff increase with distance from the 
divide. 
The slope function is such that with an increase in slope angle from 
0 to 40 degrees, shear stress increases. From 40 degrees upwards, the 
shear stress of overland flow given by Horton's equation decreases. 
Arnoldu (1974) noted this slope function disagrees completely with the 
effect of slope angle evaluated by other authors using empirical methods 
at first criance, According to Musgrave (1947) and Zingg (1940) the effect 
of slope may be expressed as a power function. According to Wischmeier 
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(1957) the effect of slope is a parabolic function of slope percent. 
However, the apparent discrepency can be reduced to the difference in 
starting points between Horton and the other authors cited. Horton 
limited himself to the effects of sheet erosion caused by overland flow 
shear stresses. The others describe how slope angle affects total soil 
losses regardless of the actual erosion processes involved. Whilst soil 
losses due to sheet erosion per se may decrease if the slope angle exceeds 
forty degrees, other processes may become more prominent on steep slopes. 
Splashing and mass movement processes are amongst these. Splashing because 
on slopes greater than 50 % (26 34' ) all movement is downslope, while 
an increase in slope angle increases the distances over which particles 
are transported. Mass movement because the downslope vector of acceleration 
due to gravity ( g. sin oc ) increases with slope angle C a 
The density of the fluid is also influenced by the sediment load, so 
an increase in sediment load increases the shear stress of sheet flow. 
Moreover, sediment-laden fluid is more abrasive. 
Having seen some of the factors affecting shear stress of overland 
flow, it is worthwhile examining factors affecting the response to this 
stress by the soil-vegetation complex. Although vegetation may actually 
increase the surface roughness of the ground, it is well known that it 
protects the soil from sheet erosion (FAQ, 1965; Stocking & Elwell, 1976a; 
Williams, 1972). Plants react to stress by building-up a resisting tension 
(Smith & Wischmeier) 1957; Arnoldus, 1974), thus over-compensating for any 
effect caused by increasing surface roughness. Moreover, plants anchor 
together the soil clods, inhibiting soil particle detachment (Wolman, 1959; 
Zavlavsky, 1970; Low, 1972; Blackburn, 1975). 
FACTORS AFFECTING CHANNELLED EROSION 
Rill and gully erosion are to be expected where concentrations of 
runoff occur. Very often rill as well as gully erosion processes may 
succeed sheet erosion. Horton's model for the shear stress of overland 
flow shows why - 
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F 	= w.d . sin cc 
e 
12 
The shear stress (Fe)  is a direct function of the depth (d) of the 
flow. Thus all accidentally lower parts have a thicker layer of overland 
flow and will be eroded faster. This leads to the formation of micro-rills 
which in turn lead to a still greater concentration of runoff and further 
rapid erosion. Once a series of rills becomes established, sheet erosion 
may still often occur between the rills, but shear erosion there is not 
significant. This is also explained by Horton's model. Because the water 
is partly concentrated in channels, the depth of the remainder of the sheet 
flow decreases, sothe shear stress decreases in the areas between rills. 
Moreover, from the expression 
Fe x 	
3/5 
= W 	(q.n.x) 	sin cc
12 	1020 	 0.3 tan 
It can be seen that shear stress varies with distance from the divide W. 
The areas in between rills are divides in their own right, so the value of 
x becomes very low. Leopold et.al . (1964) gave the following expression to 
describe the shear stress in the channels themselves : - 
T = p . g , R. S 
where : T = shear stress 
p = mass density of fluid 
g = acceleration due to gravity 
R = hydraulic radius 
s = slope percent (or energy gradient) 
The slope expresses the downstream rate of loss of potential energy through 
friction and is the slope of this energy line. In many hydraulic 
computations this slope is approximated by the slope of the water surface, 
as the two are parallel when the flow is uniform (Leopold et.al ., 1964). 
Allen (1970) writes the expression as - 
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T0 = f1 	 1 p U2 
4 • 	2 
where 	T0 = Boundary shear stress 
f = Darcy-Weisbach resistance co-efficient 
U = Mean velocity of the channel 
The Darcy-Weisbach coefficient equals - 
f 	= 	8 . 	g . 	R 	. 	p 
- U2 
in the case of an ideal channel. 
From these expressions it is seen that the shear stress is 
proportional to the kinetic energy of the streamflow ½ . p . U 2 
The Darcy Weisbach coefficient, which is proportional to g.d.s / 
(where d = channel depth ) determines how efficiently the kinetic energy 
is used. 
Considering the kinetic energy, which is dependent upon p and U 2 
the mass density of the fluid (p) depends not only on the mass of the 
water, but also on the sediment loads. Thus, an increase in sediment load 
will increase the shear stress in the channel. The velocity factor U 2 , 
although influencing the kinetic energy will be disregarded because it does 
not influence the shear stress, because it it is cancelled out by the same 
factor appearing in the denominator of the Darcy-Weisbach coefficient. 
The efficiency factor, the Darcy-Weisbach resistance coefficient, is 
dependent on the variables R and p . The hydraulic radius (R) equals the 
cross-sectional area of the flow, divided by the wetted perimeter. The 
factor thus depends upon the size and also the slope of the channel and 
the depth of the water. However, this relation between channel character-
istics and the Darcy-Weisbach resistance coefficient is not very regular. 
In very wide, shallow channels, the hydraulic radius approaches the depth 
of the flow. The slope factor represents an energy gradient and is not 
only dependent on the gradient of the channel, but also on its shape and' 
geometry. 
The shear stresses discussed is a measure of the detaching capacity 
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of channelled flow on the bottom of a channel. A similar, but more 
complicated reasoning can be made for the shear stresses on the side walls 
of gullies, rills and riverbanks. Most of the factors involved are 
similar, only in this case one must also evaluate the horizontal vectors 
of the forces, and allow for centrifugal acceleration and inclined water 
surfaces and lateral flow of water, 
As stressed before, erosion is a process of detachment and transport. 
Allen (1970) gives an expression for the total load transport rate, which 
enables one to calculate how much sediment can be transported in a specific 
channel. The total energy of the flow will be used first of all for the 
transport of water and the sediment load. Only the remaining energy will be 
available for detaching and adding yet more particles to the sediment load. 
Channelled erosion depends also upon the reaction of the vegetation-
soil complex to the applied stresses. Rill and gully beds are very 
often devoid of vegetation, so the protection afforded by vegetation may 
be negligible. In the case of riverbank erosion, the surrounding plant 
roots offer protection by binding soil clods together and anchoring the 
side-walls. As far as the soil itself is concerned, the response is 
governed by its erodibility. Particularly in the case of gullying such 
as described in Part III of this thesis, the erodibility of the subsoil 
and underlying bedrock is especially important. 
1.4.2 Factors affecting wind erosion processes 
Wind erosion is known to occur in upland Britain, including 
the Lainmermuirs, although wind erosion is not featured in Part III to 
the same extent as water-erosion processes. Nonetheless, it is worth 
briefly outlining some of the factors influencing wind erosion because 
it helps to explain why wind erosion may be limited only to the 
unvegetated and bare sections of the study area. It also highlights 
the protective nature of vegetation from the soil conservation point 
of view. 
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The formulae describing shear stresses induced by wind are too 
complex to be considered here, so this discussion is restricted to a 
qualitative appraisal of some of the factors influencing wind-induced 
shear stresses. For a more detailed review, the reader should consult 
Chepil and Woodruff (1963), Hudson (1971) and Arnoldus (1974). 
To be erosive, wind must be turbulent. This 'pre-requisite is 
fulfilled at the wind speeds necessary to erode soils ; even highly erosive 
unconsolidated sands require wind velocities that ensure full turbulency, 
(Chepil, 1945b). At a certain height above the ground surface, the wind 
velocity is zero. The exact height of this zero velocity level depends 
largely upon the aerodynamic roughness of the surface involved and the 
porosity, but it is completely independent of wind, speed. Where vegetation 
is absent, this level approximately equals the height of the mean 
aerodynamic surface, but, where there is vegetation, the zero velocity 
level may be somewhat lower than the mean aerodynamic surface of the 
vegetation (Chepil, 1945a). A high soil surface roughness means that some 
parts of the soil surface protrude high into the turbulent, free-flowing 
wind zone. The parts protruding above the zero velocity level are subject 
to erosion, so that all the erodible parts may be blown out, leaving the 
less erodible parts behind to maintain the surface roughness. The eroded 
particles (except for the dust fraction) will be deposited on those parts 
of the surface lower than the zero velocity height. Therefore, soil loss 
is relatively low for areas with a rough ground surface (Hill, 1953;Chepil, 
1958; Chepil & Mime, 1941) 
Vegetation has a most profound effect on the pattern of wind, 
providing excellent protection for the underlying soil surface (FAQ, 1960). 
An additional effect of plants is the anchorage of clods afforded by roots. 
Plants also inhibit wind erosion by changing the leeward wind pattern. 
Where plants act as windbreaks, the leeward reduct ion in the wind speed 
causes sediment to be dropped, with the consequence that soil movement 
may start again only if the wind velocity is as high as the minimal fluid 
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threshold velocity, instead of only as high as the minimal impact threshold 
velocity (Chepil & Woodruff, 1963) • Arnold.us (1974) estimated plants may 
offer protection over distances of more than ten to fifteen times their 
actual height. 
Chepil (1943, 1951) showed the size of the individual aggregates or 
clods, rather than the size of the ultimate soil grains, determines the 
erodibility of a soil. Dry clod structure can be used as an index of 
wind erosion susceptibility. Table 1.1 shows the effect of other important 
soil characteristics on wind erosin. Chepil (1950) found that the dominant 
principle governing the erodibility of soils is based upon the height and 
number of non-erodible-projections existing on the surface before exposure 
to the wind and on the critical, surface-roughness coefficient of the soil. 
This constant is defined as the ratio of height of non-erodible surface 
projections to distance between projections which will barely prevent the 
movement of erodible soil fractions by the wind. This sets a limit on the 
amount of wind erosion that may take place on any soil before sheltering 
non-erodible projections inhibit all further wind erosion. 
As mentioned earlier, the mechanical stability of structural units 
offf asoil also affect wind erosion. Water stable aggregates have the most 
stability. A close, relation between mechanical stability and resistance 
to abrasion through saltation has been noted by Chepil and others. 
1.4.3 The Importance of Groundcover 
In view of the work on range status presenetd in Chapter 7, it is 
important to emphasize the importance of groundcover. It shpuld be clear 
from foregoing discussions that any area with its combination of slope 
forms, soil types, and other factors requires a minimum density of plant 
and litter cover to protect the soil and prevent water and wind erosion. 
The amount of cover at any site is often determined by the regime of land- 
use management. The vegetation and litter breaks the force of the wind 
and rain, mechanically protecting the soil from pounding, surface-sealing 
and detachment that might otherwise result. The roots of the plants 
to water. Leaves, stems and other litter also check rapid surface 
runoff and encourage infiltration of water. The presence of 
plants improves soil fertility and aids the processes of soil 
formation. 
Numerous studies have demonstrated dramatic reduction in 
erosion from well-protected soils compared with bare soils 
(Stallings, 1957; Hudson, 1971; Wischmeier, 1955, 1960, 1973, 1975). 
Ellison's (1944b) early work clearly showed how little or no 
raindrop erosion occurred where ground surfaces were protected 
by ample ground cover. Hudson (1971) concluded that only 
a small change in the proportion of bare soil exposed to rainfall 
and runoff could result in relatively large changes in the magnitude 
of the erosion response, and that variation in the density of vegetal 
cover would affect erosion on arable land more than any other management 
factor. The importance of ground cover on upland grazings has also 
been realized and emphasized for many years (Cockayne, 1910; Show 
et. al., 1940, 1954; D.S.I.R.,1945; Sampson, 1949; Osborne, 1956; 
Riney, 1967, 1978). Fig. 1-D is taken from an early range management 
handbook, and illustrates the general concept of the important relation 
of plant cover to erosion. 
Unfortunately, the concept of maintaining adequate ground 
cover to conserve the soil has not always been appreciated in areas 
with erodible soils and erosive climate conditions, often with 
serious consequences. There is now a wealth of literature describing 
the general causes and effects of soil erosion in scores of countries 
in both the developed and underdeveloped worlds. It is hardly 
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feasible to summarize all current work covering the subject, 
however, the works of Gibbs (1945), Jacks and White (1946), 
Cumberland (1947), Pearce (1951), Greenall (1951), Cambell (1951), 
Wilkie (1951), Schumm and Hadley (1957), Smith (1958), Wilson 
(1970), Rapp et.al . (1972), Dunne (1973), FAO (1971a, 1971b, 1976) 
Dendy et al (1973), Kovda (1977), Rapp (1977), FAO/UNEP (1977), 
FAQ (1977), Matheson (1978)and Forster et al. (1978)provide 
some insight into world soil erosion problems. It is apparent 
from such literature that differences in the nature and properties 
of soils, climate and physiography occasion marked differences 
in the character and nature of soil erosion in different parts 
of the world (Fournier, 1960). Even within the same region there 
may be inaked differences between erosion in one locality and another, 
reflecting differences in erodibility of slQpes or local climatic 
variations. However, there are several universal principles which 
apply to every soil erosion situation. For example, it is 
generally accepted that human manipulation has always been the main 
cause of all types of serious soil degradation, including all of 
the various forms of accelerated soil erosion damage. Indeed, 
the term 'man induced erosion' is often substituted for 
'accelerated erosion' in the international soil erosion literature. 
Human interference - direct or indirect - results in changes of the 
various factors affecting erosion which have been outlined above, 
often disturbing delicately balanced systems in dynamic equilibrium 
(Healy, 1948; Harroy, 1949; Thomas, 1956; Strahler, 1958; Warren 
and Maizels, 1977; Kumar, 1977; Kovda, 1977). 
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Commonly cited examples of direct human interference 
include the introduction of fire and large numbers of grazing 
animals such as cattle, sheep and goats into an ecosystem 
(Ratcliffe, 1938; Monteith, 1953; Crocker, 1953; During and 
Ratcliffe, 1962; Gibbs, 1964; Harris and Vita Finzi, 1968; Hurault, 
1968; Sykes, 1969; Lusby, 1970; Brown, 1972; Murray-Rust, 1972; 
Good, 1973; Bryant, 1973), the clearance of vegetation from 
construction sites (Walling and Gregory, 1970; Meyer et. al. (1971) 
or careless clearfelling of steep forested slopes (Morgan, 1969; 
Dissmeyer, 1976; Marshall, 1977). Giardino (1974) provides a 
case of indirect human interference. In Kenya soil erosion 
problems were caused by overgrazing of elephants in a game reserve 
following the relaxation of hunting pressures on the elephant 
population. Another interesting example of Man's interference 
was noted by Ellison (1946). Chronic overgrazing by domestic 
sheep caused a dramatic rise in the number of pocket gophers in 
mountain ranges in Utah, U.S.A. The gopher holes were badly 
eroded and led to gullying. 
It is evident from the international literature cited 
that different kinds of human interference in an area may 
eventually result in analogous forms of erosion damage. Gullying, 
for example, may be initiated by a host of different human 
activities. Although human manipulation is the ultimate cause 
of degradation, it is clearly not a factor influencing erosion 
processes per se. For example, an act of burning or deforestation 
may be the chief cause of serious erosion in an area, but it is 
not the action, rather the status of the vegetation following the 
action which is the governing factor in many situations (Leopold, 
1956; Osborne, 1956; Arnoldus, 1974). 
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Fig 1-D Relation of Plant Cover to Soil Erosion (after Show et. al. 1940). 
PART II 
Chapter 2 
DESCRIPTION OF THE STUDY AREA 
This chapter aims to provide an appreciation of the regional 
setting and natural history of the study area. Soil erosion in 
upland Scotland is essentially an interdisciplinary research topic, 
which, if it is to be considered in proper perspective, requires 
a broad understanding of the ecology of this upland environment. 
It is especially important to remember the constant complex 
interplay of forces which Darling and Boyd (1964) called the 'noble 
drama of weather and mountain and sea and plant and animal.' 
Accordingly, some of the most relevant aspects of the Lammermuir's 
setting, geology, geomorphology, climate, soils, vegetation and 
land-use are outlined below. 
2.1 Location 
The Laimnermuir Hills (Fig. 2-A) form the eastern part of 
the Scottish Southern Uplands and stretch from Soutra Hill in the 
south-west towards Innerwick near the coast in the north-east. 
They occupy an area of upland which is roughly rectangular, measuring 
approximately 30 Km along the south-west to north-east axis and 
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Fig. 2-A Location, Relief and Drainage of the Lanunennuir Hills. 
For more detail refer to the Ordr.ance Survey 1:50,000 Sheets 66 & 67. 
2.2 Physical Geology 
Movements along major faults, volcanic activity, and rises 
and falls in land and sea levels have created an impressive 
variety of scenery in south-east Scotland. Glaciation has 
emphasised differences in the structure and lithology of the 
underlying rocks and has left its own landscape of erosional and 
depositional landforms. The detailed description of the study area 
begins with a brief account of those aspects of the regional geology 
and geomorphology which are particularly relevant to the context 
of this thesis. 
The rocks of the study area are mainly of Palaeozoic age 
(Fig. 2-B). They lie to the south of the Southern Upland Boundary 
Fault, represented by the Lammermuir Fault which extends from 
Falahill in the south-west to the coast south of Dunbar. To the 
north of this fault lies the Lothian Plain, and to the south is 
the upland plateau of the Laininermuirs, built up mainly of marine 
Ordovician and Silurian strata which were intensively folded, 
elevated and subjected to denudation during a major phase of the 
Caledonian mountain-building movements in late Silurian times. 
The Ordovician and Silurian rocks are overlaid unconformably 
by a considerable development of the Old Red Sandstone (Lower and 
Upper) and Lower Carboniferous formations. During a later stage of 
the Caledonian orogeny, and prior to the deposition of the Upper 
Old Red Sandstone, the Lower Old Red Sandstone was foldd and faulted 
and underwent prolonged denudation. The Upper Old Red Sandstone and 
Carboniferous strata in turn were subjected to crustal disturbance 
and were folded and faulted by movements during the late-Carboniferous 
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Fig. 2—B Solid ceolonv of the study area and environs. 
and Permian times, (Campbell, 1951). 
In different parts of the area there is evidence of 
noteworthy and prolonged phases of volcanic activity during the 
Lower Old Red Sandstone and Carboniferous periods. The general 
stratigraphic succession for the LainmermuirS is shown in Table 2.1. 
The older Ordovician and Silurian mudstones, shales and 
greywackes form the majority of the upland region south of the 
Lammermuir fault. These thinly bedded sediments have been tightly 
folded by lateral compression and have high angles of dip and an 
ubiquitous north-east to south-west strike. The apparent simplicity 
of the arrangement of the Ordovician and Silurian strata suggested 
from geological maps of the area fails to emphasise the actual 
complexity of these strata. The rocks are folded into tight 
isoclines, the axes of which dip towards the north-west. 
Ordovician rocks occur in a broad belt along the south side 
of the Lammermuir fault. The lowest division, the Arenig, consists 
of radiolarian cherts and mudstones which outcrop only in the cores 
of tightly folded anticlines. The Glenkiln, Hartfell 1 and Lowther 
Shales divisions comprise greywackes, grits, grey shales, grey and 
brown sandy shales, cherts and mudstones. These and other rocks 
are more fully described in the Geological Memoirs for the area, 
(Peach & Home, 1899; Pringle, 1948, Greig, 1971), and other texts, 
(dough et. al., 1910; Campbell, 1961; Walton, 1952, 1955; Johnson 
& Stewart, 1963; Craig and Duff, 1975). 
The Birkhill Shales are the lowest division of the Silurian 
in this area. Overlying these are massive grits and greywackes which 
form the dominant rocks of the Queensberry Grits, and the brown 




General geological succession in the study area 
Recent 
	 Peat, Alluvium, Colluvium 
Pleistocene 
	 Solifluction Heads, fluvioglacial sands 
Carboniferous 
Old Red Sandstone 
Silurian 
Ordovician 
and gravels, Tills 
Upper Carboniferous 
Lower Carboniferous 
Upper Old Red Sandstone 
Lower Old Red Sandstone 
Liandovery 
Ashgill and Caradoc  
Lower Coal Measures 
Passage Group (Roslin 
Sandstone) 
Upper Limestone Group 
Limestone Coal Group 










	 Radiolarian Cherts and 
Mudstones 
of the Ordovician and Silurian rocks and their derivative rocks 
possess a bright red colour. This distinctive hue is attributed 
to the presence of ferric hydroxide gel and haematite; in some 
cases a sedimentary feature, in others a product of metasomatism. 
During Lower Old Red Sandstone times, numerous granodioritic 
masses were intruded into the Ordovician and Silurian rocks. Small 
intrusions occur in the study area at Priestlaw and Cockburn Law 
which have been described in detail by Ragg and Futty, (1967) and 
Greig, (1971). 
The main occurrence of Upper Old Red Sandstone rocks in the 
study area is a broad belt of thick conglomerates with some sandstones, 
extending from Spott southwards to Dirrington Great Law. These 
conglomerates have been derived from Ordovician and Silurian greywackes 
and grits. The general shape of the pebbles is sub-rounded and the 
clastic component varies in size from small pebbles to blocks some 
0.6 m in diameter. The conglomerates are cemented by a thin calciferous 
paste. Upper Old Red Sandstone mans and sandstones occur in patches 
along the Lammerinuir fault. These sandstones are mainly red in colour 
and may be interbedded with red mans and greenish-grey shales. 
Although underlying nearly all of the Lothian Plain, 
Carboniferous sediments are not widely found in the study area. However, 
there is a small outcrop of limestone near Lainberton Moor. Intrusions 
of Carboniferous age occur near Duns and Longformacus (DirningtOn 
Great Law). 
During the Pleistocene the area was heavily glaciated by thick 
ice sheets flowing eastwards and south-eastwards across the entire 
region, (Kendall & Bailey, 1908; Campbell, 1951; Cullingford, 1976). 
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Glacial erosion was followed by till deposition over the Lothian 
Plain and in the valleys of the upland region. The thickness 
of the boulder-clay is very variable but it thins towards the 
hills andis totally absent from the steeper slopes and elevated 
parts of the Lammermuirs. It is possible that layers of material 
deposited in the steeper or higher parts of the study area were 
subsequently washed away, leaving the underlying rock bare in many 
places. The hills were then extensively covered by stony drifts 
and hill-top detritus derived from the underlying Ordovician and 
Silurian strata, (Fig.2-C). 
The stony drifts have sometimes been interpreted as little-
travelled local valley glacier deposits, (Campbell, 1951) but are 
most probably solifluction head deposits produced by frost shattering 
and accumulation of slope deposits in glacial and post-glacial times, 
(Tivy, 1962; Sissons, 1958, 1975; Sparks and West, 1972). The heads 
are poorly developed on the tops of the hills, where one soon runs 
into shattered bedrock. However, at the foot of the slopes, considerable 
thicknesses of material may occur. The head consists of very abundant 
angular stones and rubble fragments held in a loamy matrix with their 
long axes preferentially oriented downslope. The drift varies with 
the parent rock, and has been described by several authors, (Ragg and 
Bibby, 1966; Ragg and Futty, 1967; Sugden, 1971). 
Fluvioglacial sands and gravels derived from Ordovician and 
Silurian greywackes appear mainly along the Lothian Platform near 
Gifford and along the Eye Water near Ayton. Sands and gravels derived 
from the upper Old Red Sandstone conglomerates and sandstones are 
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found along the northern edge of the Lammermuirs near Garvald, 
along the. Dunbar Plain, and in some parts of the north-eastern 
Lammermuirs. Recent river alluvium is present throughout the 
study area along most of the river and stream courses. The 
texture of this material is variable, although sand or fine 
sand usually predominates. 
2.3 Land Forms 
The area of South-eastern Scotland lying to the east and 
south-east of Edinburgh can be subdivided on a basis of uniform 
lithology, physiographic history and relief into units to which the 
term 'land form region' can be applied, (Linton, 1951; Ragg and 
Futty, 1967). Several such regions can be delineated, each with its 
own geomorphological and pedological characteristics and patterns. 
However, the present study is only concerned with two land form 
regions, the Laxnmermuir Hills and the Eastern Lammermuirs. 
The Lammermuir Hills form the larger land form region and lie 
between 240 m and 530 M. The underlying rocks comprise a plateau 
which has been tilted slightly to give a steep scarp along the north-
western edge and a gentle dip slope to the south-east. The scarp 
rises from the Lothian Platform at 240 m to a general height of about 
360 M. For most of its length, the scarp is deeply cut back by streams 
into a series of spurs. This is particularly noticeable south of 
Gifford and along the Monynut Edge to the east. The plateau is deeply 
incised by Whiteadder Water and its tributaries, and also by the 
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Leader and Gala Waters in the south-west. This gives rise to 
a series of ridges with smooth rounded tops, such as Spartleton 
Edge, between which are steep sided valleys, often with narrow 
alluvial flats. A view across the ridges, though, gives a rather 
monotonous and generally featureless skyline, (Plate 2.1). The 
smoothly rounded form of the hills is often regarded as a 
characteristic of the Southern Uplands as a whole, (Cullingford, 
1976). 
In general the summit levels in the Lammermuir Hills fall 
into two groups. Between 360 m and 430 m lie the summits of 
Newlands Hill (423 m), Cranshaws Hill (382 m), Heart Law (391 m) 
Dunbar Common and Eachil Rig (398 m). The higher group of summits, 
lying between 480 m and 540 m, includes Lowrans Law (497 m), 
Seenes Law (513 m), Lainmer Law (527 m) and Meikie Says Law (534 m). 
A comparison of morphological and geological maps of this 
lamidform unit indicates the close adjustment of the surface features 
to the structure of the underlying rocks. The south-west to north-
east trend of the st,ucture produced by the Caledonian orogeny has had 
a significant influence on the alignment of many ridges and minor 
valleys, (Ogilvie, 1951). This imparts a markedlygrained appearance 
to the landscape. The grain of the country is interrupted by a small 
granodiorite intrusion near Priestlaw which has denuded to form a 
basin in the Whiteadder Valley, which is an exceptional feature in 
the overall relief. 
The Eastern Lammermuirs land-form region consists of a semi-
circular belt of country lying to the north-east, east, and south-east 
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Plate 2.1 Views across the Lameruir idges give a 
rather monotonous and featureless landscape. 
This Dhotog-raph shows Spartleton Edge with 1Ionynut Edge 
in the far distance. It also illustrates the patchwork 
of moorland vegetation created by burning, 
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of the Lainmermuir Hills. Four distinct sub-units may be recognised 
the Eastern Hills, Coldingham Moor, Quixwood Moor and the Duns 
Uplands. The Eastern Hills lie between the Laxnmermuir Hills and 
the Dunbar Plain. They consist of three groups of steep sided hills 
separated by areas of lower ground and dissected by glacial meltwater 
channels. Cocklaw Hill (319 m) is the highest hill and is separated 
from the Lammermuir Hills by the Aikengall Valley. Deuchrie Dod 
(290 m) is separated by the deep Rammer Gorge. The lower ground around 
Innerwick and Oldhamstocks (70 m - 155 m) is covered by fluvioglacial 
sands, gravels and till, and shows conspicuous kames and other 
outwash features. Coldingham Moor, together with the large peat moss 
of Penmanshiel, forms a broad moorland area between 150 m and 215 m. 
The underlying structure of the Silurian rocks gives the countryside 
a dominant north-west to south-east grain. Quixwood Moor lies between 
150 m and 245 m and has a more irregular relief. It is separated 
from Coldinghaxn Moor by the upper valley of the Eye Water. The Duns 
Uplands lie to the south of the Whiteadder Water and, apart from a 
small area at the confluence of the Dye Water and Whiteadder Water, 
form higher ground approximately 245 m high. For the most part, 
the rocks are of Silurian and Ordovician age, but intrusive rocks 
form Cockburn Law (325 m) and Dirrington Great Law (399 m). Steep 
slopes and flat-topped grass or heather moors above the valleys are 
common to this sub-unit. 
2.4 River Systems 
The principal river systems of the study area are shown 
in Figure 2-A. These are the River Tyne and Whiteadder Water. 
The River Tyne is the main river of the Lothian Plain. It 
rises near Tynehead and flows northwards at first in a deep channel 
which was probably cut initially by glacial meitwaters. The valley 
then becomes broader with a north-eastwards direction to give a more 
open and alluvial tract below Pencaitland. The tributaries of the 
Tyne enter mostly from the south, where many small streams flow down 
from the Lammermuir Escarpment. The most important of these are 
the Birns, Hopes, Gifford, and Coistoun Waters. 
From Dunbar to Cockburnspath the land is drained by many 
streams rising along the eastern edge of the Easter Lammermuirs and 
flowing north-eastwards into the North Sea. Several of these are 
liable to particularly severe spates after heavy rain. The 
Oldhamstocks, Dunglass, Dry and Spott Burns are notorious for flash 
flooding. The moors of the Coldingham and Quixwood Moor areas are 
drained by the Ale and Eye Waters flowing first south-easterly and then 
north-easterly, joining the North Sea at Eyemouth. 
Whiteadder Water and many of its tributaries, rise within three 
kilometres of the Lanixnermuir Escarpment. Their valleys are 
characterised by steep sides and flat alluvial valley bottoms (haughs) 
through which the streams and rivers meander. Short tributaries 
frequently enter the main streams at right angles. From Cranshaws, 
Whiteadder Water flows through a broader valley with a larger alluvial. 
tract at Ellemford Bridge below which the valley becomes narrow and 
steep-sided with numerous bends to Cockburn Mill. From there 
the river enters the lowland area of the Lower Tweed Valley and 
eventually joins the Tweed. 
A considerable part of the south-western Larnmermuir Hills 
is drained by the many tributaries of Leader Water which rises 
near Soutra Hill and then runs south-eastwards through Lauder. 
Tributary streams such as the Kelphope, Soonhope and Whalpiaw 
Burns run south-west from the area south of Lammer Law, Seenes Law 
and Edgarhope Law through deeply incised valleys following the 
grain of the underlying strata. 
Some of the southernmost parts of the Lammermuir Hills are 
drained by the tributaries of Blackadder Water, which rises near 
Twinlaw and flows south-eastwards, before changing its direction 
and heading north-eastwards to join Whiteadder Water at Allanton. 
2.5 Climate 
The degree of erosion occurring in any situation is influenced 
by a number of forces resulting from phenomena such as wind, rain, 
and surplus precipitation in the form of sheetwash or runoff. In 
addition to providing some of the forces acting on the soil, climatic 
characteristics also affect the actual erodibility of the soil to a 
certain extent. The vegetation protecting the soil may be influenced 
by temperature, wind, water availability, frost and other factors 
which are, in part, functions of the prevailing climate. The 
characteristics of the climate of the study region are discussed below. 
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2.5.1 Winds 
South-westerly winds are the prevailing surface winds in 
south-east Scotland, but the powerful funnelling effect of the 
Forth-Clyde Valley appreciably alters the situation in the study 
area. Warm south to south-westerly winds are not easily steered 
into this region, whilst the blustery, colder west-south-west to 
west-north-west winds which generally succeed them are normally 
funelled in, and are responsible for most of the strong winds 
and gales, especially in Autumn and Winter. Wind speeds usually 
vary from force 1 to force 6. 
Apart from this overall picture, there is a pronounced 
seasonal pattern of winds. From April to June there is a marked 
tendency for winds predominating from north-east to east, associated 
with high pressure from the north. During this period, northerly 
winds are rare, but when they do arise they are frequently gale force. 
Winds of force 7 to 12 occur from January to May coming from the north 
and east, (Johnston, 1952). 
2.5.2 Temperature 
There are few long-term records of temperature in the study 
area. However, sufficient information is available to suggest that 
the effect of altitude is significant. At 150 m the mean 
temperature at the coldest part of the year is 0.80 to 1.1° C. colder 
than in the coastal plain, and the mean minimum at the close of the 
year and in the early weeks of the New Year comes very close to 
freezing point. Observations at Whitchester indicate that at 250 m 
more severe conditions are experienced, with average minimum temperatures 
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well below freezing in January and February. Average monthly 
mean temperatures for several stations are shown in Table 2.2 
below. 
Table 2.2 
Average Monthly Mean Temperatures (°C) - Period 1931-1960. 
1 	 2 
NORTH BERW IcK 	HADDINGTON MARCHMONT 	WHITCHESTER 
Month 	(36m) 	 (49m) 	 (152m) (255m) 
MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN 
Jan 6.0 0.5 3.3 5.4 -0.8 2.3 5.1 -0.4 2.3 3.8 -1.5 1.2 
Feb 6.6 1.0 3.8 6.3 0.1 3.2 5.8 -0.3 2.8 4.3 -1.6 1.4 
Mar 8.7 2.1 5.4 8.5 1.3 4.9 8.2 1.1 4.7 6.8 0.3 3.6 
Apr 11.5 3.7 7.6 11.7 3.1 7.4 11.0 2.9 6.9 10.4 2.0 6.2 
May 13.9 5.9 9.8 14.2 5.2 9.7 14.1 5.2 9.7 13.5 4.4 9.0 
Jun 16.9 8.6 12.7 17.6 8.2 13.0 17.2 8.1 12.7 16.1 7.6 11.9 
Jul 18.7 10.8 14.7 19.0 10.1 14.5 18.7 10.2 14.5 17.6 9.5 13.6 
Aug 18.4 10.7 14.5 18.2 10.7 14.5 18.3 9.8 14.1 17.1 9.2 13.2 
Sep 16.5 9.0 12.7 16.5 8.1 12.3 15.9 8.0 14.9 15.0 7.4 11.2 
Oct 12.8 6.4 9.6 12.6 5.5 9.1 12.1 5.3 8.7 11.3 5.0 8.1 
Nov 9.4 3.6 6.5 8.9 2.2 5.5 8.4 2.4 5.4 7.4 1.8 4.6 
Dec 7.3 2.1 4.7 6.5 0.8 3.7 6.3 1.0 3.6 6.6 -0.7 3.1 
Year 	12.2 5.4 8.8 	12.2 4.5 8.3 11.8 4.5 8.1 10.8 3.6 7.3 
Notes : 1 Considerable weighting 
2 Actual means 1946-1961 
Although the temperatures at the higher altitudes are colder 
than in the lower areas during the sunnier, the temperature differences 
are not so marked as those occurring in the winter when the night cold 
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increases on the southern slopes of the Lammermuirs as cold 
air descends from the hills and accumulates in hollows. 
There are, on average, 17 days per year when the mean 
daily temperature does not exceed 0.20C. However, the number 
of 'freezing days' varies from year to year. For example, 
there were 50 freezing days in the winter of 1946-7 but only 
2 for 1933-4. Normally, spells of 4 or 5 consecutive freezing 
days can be expected. 
The growing period for many plants is often defined as 
that part of the year over which the mean daily temperature 
equals or exceeds 5.6°C. (Anderson and Fairbairn, 1955). This 
period is relatively short in the Lammermuirs and decreases with 
altitude. In the lower parts of the study area, the average 
growing period is estimated to be 225-250 days long, between late 
March and mid-November. At around 150 m the growing period 
probably only lasts from the beginning of April to mid-November, 
and at 300 m it may be limited to less than 190 days, extending 
from late May or June to September. 
2.5.3 Precipitation 
Compared with other parts of the Soutn Uplands, the 
climate of the Lammermuirs is distinctly dry. Much of the area 
below 150 m has less than 750 mm of precipitation annually, 
(Fig. 2-D). Above 150 m on the northern side of the Lammermuirs, 
the annual precipitation increases steadily with altitude to 
around 900 mm at 300 m, and to over 1000 mm at 500 m. Towards 
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the eastern side of the area there is less precipitation. Even 
at heights above 300 m the mean annual precipitation is less 
than 900 mm on the Monynut Edge. The whole of the Eastern 
Lammermuirs has a fairly uniform mean annual rainfall which 
gradually decreases to approximately 700 mm near the coast. 
Precipitation is fairly evenly distributed throughout 
the year. A table of monthly precipitation averaged through 
the period 1916-1950 is shown for West Hopes (NT 557627), which 
lies at 247 mat the foot of the Lainmermuir scarp (Table 2.3). 
This table indicates that March and April are the driest months. 
August, October and November tend to be wetter than the mean 
monthly average (78mm) with more than 90 mm each. 
Table 2.3 
Average monthly precipitation at West Hopes, (1916-1950) 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL 
(mm) 88 62 60 60 73 61 83 94 81 96 92 81 	931 
It is generally considered that the south-east of Scotland does 
not experience intense rainfall of the type so frequently associated 
with soil erosion in many other parts of the world. However, from time 
to time, the area has suffered exceptionally heavy, intense and 
prolonged rain. This has often been associated with the polar front 
being very far south and unstable polar maritime air streaming southwards 
across the British Isles (Meteorological Office, 1964). Under such 
conditions, non-frontal depressions tend to form off the west coast 
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and give rise to heavy rainfall which is potentially highly 
erosive. When this situation arises, south-east Scotland also 
suffers the full force of orographic rainfall from onshore winds 
sweeping into the depression. As the depression moves across the 
British Isles, the heavy rain wheels anti-clockwise and continues 
to affect the same region for a long time (Learmonth, 1950; 
Rodda, 1970). 
As Mossman (1896) pointed out, these periods of heavy 
rainfall generally occur in August. The most notable such event 
on record was during the period 6th-12th August 1948 when heavy 
rain fell throughout the Lammermuirs and surrounding areas. At 
Haddington, 140 mm of rain was recorded, representing 25% of the 
annual rainfall falling in six days. Baxter (1949) and Learmonth 
(1950) estimated that approximately 1500 tonnes of water fell on 
each hectare in the study area during the storm. Some 80 mm of 
rain fell in less than 24 hours from 9.00 am on August 12th, 
falling on ground that was thoroughly soaked by antecedent rainfall. 
At Swinton the rainfall intensity exceeded 50 mm / hour, producing 
immediate runoff into the rivers and streams which led to dramatic 
floods. The peak flow at Haddington was estimated to be in excess 
of 7000 cusecs with a recurrence interval of more than 200 years 
(Lothians River Purification Board, 1967). Exceptionally heavy 
and intense falls of rain also occurred on October 7th, 1846 and 
between August 25th and 28th, 1956. Although these were not so 
severe as the 1948 event, they also caused considerable flood 
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damage and were associated with erosion damage. 
An important aspect of the precipitation falling on the 
Lainmermuirs is the fact that some of it consists of snow. The 
cold showery weather of late Winter and Spring may bring moderate 
falls of snow, particularly on eastern slopes. Evanescent coverings 
of snow sometimes occur in late Autumn on the hills. General 
snowfall over the area is usually the result of the onset of polar 
air masses. At 150 m on the Lanimermuirs there are on average 25 
days per annum with snow lying ; 40 days at 300 m; 50 days at 450 m 
and more than 75 days on the tops of the highest hills (Paton, 1951). 
Normally there is no snow on the ground during November or 
April, but it may persist in the intervening months. The chances 
of snow lying in March are greater than in December. Severe snow 
drifting occurs, filling incisions on the hillsides, such as road 
cuttings, gorges and gullies. Snow drifts frequently choke the 
re-entrants and deeply notched stream beds of the feeders of the 
River Tyne on the northern side of the Lammermuirs. Severe winter 
conditions may arise around Soutra Hill, where deep drifts often 
persist through to the Spring. 
2.5.4 Evapotranspiration and Water Balance 
There is a marked seasonality of evapotranspi]ation in the 
study area. Table 2.4 provides a simple water balance sheet for 
West Hopes, and shows how the mean end-of-monthly potential moisture 
deficit values may be derived. These figures suggest that low 
rainfall averages for the months between March and June combine with 
high mean monthly evapotranspiration estimates to produce a potential 
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soil moisture deficit from May until the end of July. Soil 
moisture is recharged by the end of August by the Qnset of 
late summer rains. From October until the end of April 
precipitation is in excess of that required to bring the 
soil up to field capacity and goes directly or by drainage 
to produce runoff, waterlogging or to replenish underground 
water supplies. As Thom and Ledger (1976) pointed out, 
however, potential moisture deficits may be much greater during 
dry years with less than average summer precipitation amounts. 
Table 2.4 
Water balance table for West Hopes (NT 557627) 
J F M A M J J As 0 N D 
Actual monthly precipitation (mm) 88 62 60 60 73 61 83 94 81 96 92 81 
Mean monthly P.E.* 2 (mm) 	 0 9 28 52 79 88 83 66 41 21 4 0 
Difference (mm) 	 88 53 32 8 -6-27 0 28 40 75 88 81 
Cumulative Deficit (mm) 	 - - - - 6 33 33 - - - - - 
Surplus Precipitation (mm) 	88 53 32 8 - - - 28 40 75 88 81 
Notes : +1 Source : Meteorological Office (1964) 
*2 Source : Thom and Ledger (1976), MAFF (1967) 
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The seasonal variations in the amount of surplus precipitation 
tend to produce a distinct seasonal runoff pattern in the streams 
and rivers. Fig. 2-E shows the percentage of the mean annual 
runoff within each month for the River Tyne at East Linton (period 
1961 - 1976). The runoff over this 15 year period followed a 
marked seasonal pattern, with more than 64% of the total mean annual 
runoff occurring within the winter half of the year. 
2.6 Soils 
The study area has a large number of different types of 
soils which vary considerably in their characteristics, and 
consequently it is important that the individual soils referred 
to in subsequent discussions are clearly defined. The system 
of soils classification and nomenclature used throughout this 
thesis is that adopted by the Soil Survey of England and Wales, 
the Macaulay Institute for Soil Research, and the Soil Survey of 
Scotland. This system is under review, but is widely used and 
corresponds with the maps and regional memoirs cited in the text. 
The soils are classified firstly on the basis of the 
characteristic features of their parent materials, and secondly 
on the basis of the nature of their profiles. The characteristic 
features of the soil parent material vary with the nature of the 
parent rock or rocks and also with their mode of origin (Whitfield, 
1967). This variation forms the basis of the cartographic unit 
termed the soil association. The distribution of the soil 
% Mean Annual Runoff (267 mm) 
15- 
10- 
0 j F M A M J J A S 0 N 0 
Pig. 2-E Percentage of mean annual runoff occurring within 
each month for the River 'Pyne at East Linton (1961-76). 
(Data : Forth Purification Board). 
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associations in the study area is shown, (Fig. 2-F). 
Different soil types within each soil association are 
separated on the basis of profile similarities into major soil 
groups, sub-groups and series. A soil series is defined as 
a group of soils developed from the same kind of parent material, 
by the same genetic combination of processes, and whose horizons 
are quite similar in their arrangement and general characteristics, 
(Buckman and Brady, 1960). Thus, the only differences which 
should exist between the various type-site soils of any series are 
in the texture and nature of the surface layers. Table 2.5 presents 
the classification of the various soils in and around the study 
area into major soil groups, sub-groups and soil series. The 
geographical distribution of the major soil groups and some sub-
groups is given in Fig. 2-G. This map also shows the distribution 
of Hill Peat, which is not actually classified as a sub-group in 
the regional memoirs. 
Ragg and Futty (1967), identified, mapped and described in 
detail over 57 soil series in the large part of the south-east 
Scotland covered by the Soil Survey of Scotland's sheets, numbers 
33 and 34. This area includes all of the Lammermuir Hills and 
Eastern Lammermuirs and also parts of the lowlands to the west 
and east of the study area. Table 2.6 shows the occurrence of soil 
series within each of the soil associations, and also indicates 
the extent of these series and other soil categories within the 
region mapped by Ragg and Futty. 
From Table 2.6 it can be seen that the soil series are 
given place names, but other categories are designated by symbols 
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Figs  2-G Distribution of Major Soil Sub-groups 
114 
Major Soil Group Sub-group Series 
Calcareous Soils Brown Calcareous Soils Fraserburgh, Luffness 
Brown Earths Brown Forest Soils Bemersyde, Cairncross, 
Darleith, Darvel, Dreghorn, 
Duncrahill, Eckford, Ferney, 
Flemington, Haminerhall, 
Hobkirk, Innerwick, Lauder, 
Linhope, Peffer, Priestlaw, 
Salvandi, Skateraw, Sligh, 
Smailholm, Tynehead, Yarrow 
Brown Forest Soils Belses, Biel, Brownrigg, 
with gleyed B and C Cauldside, Buxnbie, Kedslie, 
horizons Kilmarnock, Macmerry, Morham, 
Oxwell, Pressmen.nan, Spott, 
Wh.itsome, Winton 
Podzols Iron Podzols Dirringtofl, LangtonleeS, 
Minchmoor 
Peaty Podzols Dod, Ewelairs, Falamoor, Faw 
Surface-water Gleys Non-calcareous Gleys Butterdean, Cessford, Ettrick, 
Frostineb, Lylestone, Minto, 
Mungo, Yester 
Calcareous Gleys Horndean 
Peaty Gleys Cakemuir, Hardlee, Wakenway 
Table 2.5 	Division of the soils into major soil groups, sub-groups and 
series, (taken from Ragg & Futty, 1967). 
Calcareous 
and Non - 
Bt.own Brown Forest Soils Podzols 
Calcareous Peaty Gleys 
Complexes Skeletal  Gleys 
sociations Calcareous Soils 
Soils Very 
Freely Imperfectly Freely Free Poorly Poorly Poorly.  
Drained Drained 
- 
Drained below B 1 





Oxwell Biel .el 
).0 4.2 15.8 
Urncross Ferney Cairncross 
CC.c 
6.5 
1.6 6.7 11.4 
DL.z 
rleith Dàrleith S 3.1 
4.8 11.7 
rvel Darvel Duncráhill 
3.7 27.1 1.6 
Dreghorn Peffer reghorn 
7.5 25.6 11.9 
ckford Eckford 
7.7 27.7 
fication of soils survyed by.Ragg and Futty (1967) into soil associations 
Calcareous 
and Non 




Complexes Skeletal Brown 
Soils 
Very sociations Calcareous 
Soils Freely imperfectly Freely Free Poorly Poorly Poly 
Drained Drained Drained below B1 Drained Drained Drained 
Linhope Kedslie Minchmoor Dod Ettrick Hardlee ER.c. ER.z. :trick 










)bkirk Hobkirk 'ressmennan Faw Cessford 
37.8 4.7 0.1 0.5 
Sligh lammerhall 
6.0 3.0 
imbie Huinbie Yester 









Brown Forest Soils Podzols Calcareous 
Peaty Gleys 
Gleys 
Brown Complexes Skeletal 
ssociations Calcareous Soils __________ _____________ ____________ ___________  Very 
Soils Freely Imperfectly Freely Free Poorly 
Poorly Poorly 
Drained Drained Drained below B 1 





Lauder Spott Langtonlees Ewelairs LylestOne 
Wakenway - LA.z. 
0.3 Lauder 
96.6 48.2 10.4 15.0 
6.7 10.6 5.4 








2.9 2.9 . 
Cauldside Stirling 
.9.8 9.8 . 
Calcareous 
and Non- 




 ___________  Complexes Skeletal 
Freely imperfectly Freely Free Poorly Poorly Very 
Soils Soils 
Drained Drained Drained below B1 Drained Drained Poorly 
- Drained 
Tynehead Salvandi Tynehead Falamoor Frostineb CaJcemuir 
15.7 0.5 8.0 1.0 5.4 0.8 
Whitsome Whitsome Horndean  
22.0 18.1 0.3 3.6 
Winton Winton96.1 Butterdean  





1077.7 18.1 437.7 385.4 67.7 75.6 44.1 5.4 15.3 21.0 7.4 
Hill Peat 79.0 Alluvium 	52.8 Saltings 	0.8 
Basin Peat 5.2 Peat-Alluvium Complex 	1.6 Mixed Bottom Land, Towns, etc. 	60.1 
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only. Each association bears the name of one of its series, 
usually that most characteristic of the type area. In the 
table, all the categories and series making up an association 
are arranged along the same row. Each of the series within 
a particular column is related to a specific soil group and 
drainage class. Skeletal soils and soil complexes are arranged 
in separate columns. 
The proportions of the major soil groups indicated by 
Table 2.6 are closely similar to those given for the North Borders, 
(Ragg, 1960), emphasising the similarity of climate, vegetation, 
geology / and drift characteristics in the two areas. Other workers 
have commented upon the similarity of the study area's soils with 
those elsewhere in Britain. For example, Ball and Ragg (1960), 
noted correlations between the soils mapped on the Palaeozoic 
sediments in upland south-east Scotland and the soils of North 
Wales. Raçg (pers. comms. 1977), also remarked upon the similarities 
with upland soils in parts of north-east Scotland. 
Descriptions of the soil series 	- 
It is beyond the scope of this section to provide ,a full account 
of every soil category shown in 2.6. All of the study area's soils 
are fully described in the regional soil survey memoirs (Ragg & Futty, 
1967). However, since the study area is dominated by the Brown Forest 
soils and Podzols of the Ettrick and Lauder soil associations and large 
expanses of peat, which are featured in several discussions in. Part III 
of the thesis, Appendix 2.1 describes these in detail. 
The following section outlines some general aspects of the soils 
featured in Appendix 2.1 which are relevent to the investigation of 
erosion in the LamxnermuirS. This includes a brief examination of the 
soil catena sequences and a look at some of the physical characteristics 
of the soils which might influence their erodibility. 
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2.6.1 The influence of topography on the soil series 
Harper (1962) demonstrated close relationships between the 
topography, soils and vegetation of the Laminermuirs. Two characteristic 
soil catenas have been noted, their distributions being determined by 
topography and parent materials. Similarly, the distribution of 
vegetation closely f011owed that of the soils. The variations in both 
soils and vegetation were found to be continuous, so in many places it 
is difficult deciding where to draw lines between one soil type and 
another. 
The rounded, somewhat flattened, hilltops are occupied by peat 
at elevations greater than 300 metres. Below this, as slopes become 
gentle to moderate, a peaty podzol takes the place of peat, and below 
this an iron-podzol occurs. Brown forest soils occur as the slope 
rolls over into the hilislopes proper, and these extend downwards 
until the gradient flattens out and give way to the non-calcarious 
gley soils. A complete sequence is not always found because only a 
few slopes possess the idealised S-shaped convex-concave slope profile 
required, but parts of the basic catena are repeated throughout the 
study area. Where streams have cut back into the hills, the steep 
valley sides may be occupied by brown forest soils or scree materials. 
Thus, the development of the soil profile is determined by both the 
nature of the parent material and the position of the site on the 
hillside. Harper (1962) considered the most significant factor was the 
amount of water passing through the soil on its way to the drainage 
channels. 
Intense leaching followed by deposition in the soils of the upper 
slopes here has given rise to iron-pan formation ; impervious concretions 
which restrict vertical water percolation, imposing poor drainage upon 
the surface of these podzols. On the lower slopes which receive water 
water from surrounding sites in addition to direct precipitation, gley-
soils have been formed. Therefore, freely drained sites are only found 
on the steep intermediate slopes,, or on slopes which have been drained 
by Man. 
The hill soils everywhere in the Lammerinuirs are strongly acid, 
and even the small patches of cultivated uplands have a pH less than 
5.70 . The hill peat, peaty podzols of the Dod series and the iron 
podzols of Minchmoor series, which are developed on rotten, friable 
greywackes and stony drift and occupy most of the Lammermuirs, are 
extremely acid (pH <4.50). 	Along the north-west and south-east 
boundaries of the hills the much less acid brown forest soils of 
Linhope and Kedslie series occur (pH 5.00 - 5.50). In addition to 
low lime status, the hill lands are also acutely deficient in 
Phosphorous. Soils of the Ettrick Association which cover most of 
the hills vary in their Potassium status according to the degree of 
leaching and peat development. Dod and Minchmoor soil series are very 
deficient due to heavy leaching. The Linhope and Kedslie series, 
however, are relatively rich in Potassium. 
2.6.2 Possible erodibility of soil series 
Chapter 1 has already outlined some of the characteristics of 
soils influencing erosion by water and wind. On freely drained slopes, 
loamy soils developed over uncohesive bedrock or friable stony drift 
with low organic matter content and silica:sesquioxide ratios greater 
than two would be considered potentially erodible. If one examines 
the published analytical data for the soils in the study area (Ragg & 
Futty, 1967) it is evident that there are several soil series with 
characteristics of such erodible soils. If one considers the nature 
and depth of the parent materials, the topography and drainage factors 
together with characteristics such as texture, clay content, 
organic carbon content, stoniness, chemical properties ( as indicated by 
the pH and silica:sesquioxide ratios) and the structure and induration of 
the soils, it is evident that series such as the Linhope, Mincbmoor 
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Lauder and Langtonlees series are steep, freely-drained soils 
overlying thin stony loam drift or rotten, weathered rocks which 
have many attributes of erodible soils. The apparent erodthility 
of soils such as the Langtonlees series has been emphasized in the 
regional memoirs. 	Some of these attributes are outlined below. 
Appendix 2.2 presents information abstracted from Ragg and Futty 
(1967) concerning the particle size distributions, organic matter 
content and chemistry of the upper horizons of selected soil series 
in the Lammermuirs. It indicates the variations in the texture and 
organic matter content within individual soil series, which may be 
accounted for by differences in land-use and management, and emphasises 
Harper' s point that the soil series have intergrades rather than firm 
boundaries. It should also be noted that because soils are mapped 
using fixed, visible characteristics such as mottling, profiles and 
colours, there is bound to be variation in the chemistry of soils 
mapped within the same series, indicated by pH variations, and so on. 
These intergradations have to be borne in mind whenever using the 
soil maps and soils information from this area. 
Fig. 2-H shows the textures of the upper horizons of several 
extensive soil series in the Lamniermuirs. These textures fall into 
the classes which Fig. 1-C earlier showed to be often associated with 
erosion. Bearing in mind the discussions concerning the organic matter 
content, structure (as indicated in the profile descriptions in Appendix 
2.1), and silica : sesquioxide ratios of such loamy soils, it seems 
likely that they might be prone to water erosion processes, especially 
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Fig. 2-H Texture of A-horizons of Selected Soil Series 
KEY - 	Linhope = • Minchmoor = () Lauder = 
Dod 	= 	 Langtonlees = 0 
Textural names shown are those employed by Soil Survey of Scotland, 
based on USDA sand, silt and clay size definitions. 
The texture of the parent material of the Ettrick Association 




The texture and depth of the deeply weathered, rotten, friable 
greywackes and shales and soiliflucted loamy stony drifts underlying 
the upland soils of the Ettrick association and the weathered conglomerates 
and gritty, sandy loam till underlying the soils of the Lauder association 
appear to favour ruling and gullying. They inhibit downward percolation 
of water to a large degree. The degree of podzolisation and pH 
indications of base status indicate that there is a vertical component 
of water movement in the freely drained podzols which is quite different 
from the lateral movement of water along the slope indicated by the 
pH values and profile development of the freely drained brown forest 
soils like the Linhope series. Where excessive precipitation exceeds 
the infiltration and throughflow capacity of the shallow profiled 
brown forest soils, saturated overland flow may occur, and may lead 
to the incision of deep gullies into the uncohesive parent materials. 
These parent materials are often so incompetent mechanically that they 
can be scooped out by hand. As the loamy matrix appears to slake in 
water, there is considerable potential for erosion by running water 
torrents on these steep soils. 
In view of the points outlined above, it is interesting to 
consider the erodibility of the soils in the Lammermuirs in the 
overall context of topography and drainage. Fig. 2- I 	illustrates 
a typical soil series sequence on the northern Lammermuirs. The 
plateau surfaces and broad ridge crests have a considerable water 
storage capacity and can release large volumes of runoff into and 
below the valley-side convexities when infiltration capacities are 
exceeded. Where iron-pans are developed the downward movement of 
water may be impeded. The organic matter content of the soil may be 
much reduced by burning, reducing the soil's resistance to erosion 
by water. and the infiltration capacity. Where slope contours tend 
to promote concentrations of runoff, as discussed in Chapter 1, 
Water concentrated 
up on plateau 
SHALLOW PEAT 	 PEATY PODZOLS 
drainage may be impeded 
by discontinuous weak iron-pan 
in soils such as Dod, and by 
impervious iron-pan in Minchmoor 
A-horizon pH 3.5 - 4.3 
organic 4.3% - 5.3% 
sandy texture - c.f. Linhope. 
IRONPODZOLS (e.g. Minchmoor series) 
\1¼\ 	
A-horizon pH 3.9 - 5.1 
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Figure 2- I 	Summary sketch diagram showing some of the spatial relationships between the soils in the Laermuirs. 	
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rills and gullies may form where the critical velocity for turbulent flow 
is exceeded, and might be expected to occur where there are increases in 
slope angle. Such breaks of slope occur high up along the plateau margins 
and in the lower valley sides. 
So far as less catastrophic erosion is concerned, frequent reports 
of buried organic matter rich horizons (possibly buried surface litter or 
humus layers), suggest cyclic, secular erosion and transport of material 
downslope by processes such as splashing or sheetwash. This idea is 
substantiated to some extent by examination of available information 
relating to textural changes down the Lainmermuir soil catena series. The 
sandy texture of the Minchmoor series and the clay-rich texture of the Linhope 
series might be explained partly by sheetwash of clay and silt downslope by 
secular erosion processes. The Lauder association exhibits similar changes. 
It is evident that amount and character of the surface vegetation 
and litter and the supply of organic matter into the soil profile are 
particularly important in the case of a soil such as the Linhope series, 
where combined with steep slopes and potentially erodible soil and drift, 
a reduction in protective cover might permit rilling or gullying to occur. 
It is therefore important to consider the nature and character of the 
vegetation and land-use practices which might affect erosion in the area. 
2.7 	Vegetation 
2.7.1 The influence of Man 
Green rolling hills, small woodlands and a patchwork vegetation 
where burning of heather has left its mark are typical of the Lammermuirs 
and many other parts of the Southern Uplands in Scotland (Fenton, 1951). 
The vegetation of the La.mmermuirs has been strongly influenced by arable 
and pastoral agriculture, and to some extent by silviculture, so that few 
of the plant communities occurring there today can be considered wholly 
natural (Ritchie, 1919; Godwin, 1956; Tansley, 1939, 1968; Burnett, 1964; 
Pennington, 1969). 
The hill peat vegetation communities are the least modified by Man, 
but even these have been altered by periodic burning, drainage schemes 
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and especially by heavy grazing of sheep, at some time or another. 
None of the woodland is primitive forest. All of the present 
woodland in the study area has been subjected to felling, grazing 
and replanting at some time in the past. Extensive sheep grazing 
and burning are continuing to limit severely the diversity of 
plant and animal life in the Laminermuirs, (Ritchie, 1920; Fenton, 
1931, 1933, 1936, 1951). 
The vegetation of the Lammermuirs was described in 1803, 
(Anon., 1803). Comparing old and recent descriptions, it appears 
that much of the upland vegetation pattern has remained unaltered 
for at least 175 years. Smith's (1900) accounts of the vegetation 
in the first soil survey memoirs are similar to detailed descriptions 
in recent memoirs, (Birse and Robertson, 1967; Harper, 1962). The 
habitats and vegetation types of the study area have recently been 
mapped at 1:10,560 scale by the Nature Conservancy Council, (Habitat 
Survey Project) 
2.7.2 Description of the distribution of the communities 
There is little regional differentiation of vegetation due 
to climatic factors, other than a minor altitudinal differentiation. 
Most of the study area lies within the forest-zone, but at some 
higher levels there are sub-alpine communities associated with hill peat. 
Within the pattern imposed by Man's use of the land, the 
vegetation is closely related to the major soil groups and their sub-
divisions, (Harper, 1962; Ragg and Futty, 1967). However, since the 
suitability of soils for different forms of agriculture or forestry 
largely determines the land-use, biotic and edaphic factors are closely 
inter-related in determining which plant communities occur 
in specific regions, or on certain topographic units (Harper, 
1962). The past history of land-use has also influenced the 
present vegetation (Parry, 1973, 1975; Ragg and Futty, 1967). 
Numerous semi-natural botanical communities of woodland, 
permanent pasture, heath and peatland vegetation are found in 
the study area, including 
Agrostis-Fe.stuca Basic Grassland 
Agrosti.s-Festuca Acid Grassland 
Nardus Grassland 
Molinia Grassland 
Juncus acutiflorus Pasture 
Dry Calluna Moor 
Wet Cal luna Moor 
Upland Calluna - Eriophoru.m Vaginatum Moor 
Calluna - Eriophorwn - Tricophorwn Bog 
In addition, there are also 9 distinct semi-natural woodland 
communities in and around the study area. The plant-- communities 
are commonly occurring elements of the vegetation found in 
upland Britain and have been discussed at length in numerous 
standard botanical and ecological texts, (Tansley, 1939, 1968; 
Pearsall, 1950; King, 1962; Gimmingham, :1949 4 1975; McVean and 
Ratcliffe, 1962; Godwin, 1956; Pennington, 1959). 
The close relationships between the vegetation communities 
of the area and its genetic soil groups have been discussed by 
Harper (1962), and Ragg and Futty (1967). They are clearly apparent 
when soil maps are compared with vegetation maps. For example, 
podzolic soils are closely associated with plant communities dominated 
by Callurta vulgaris. Peaty podzols carry the greatest number of 
community types, but most of these are closely related to the mixed 
heath community. Peat supports only bog vegetation, and iron-podzols 
are mainly covered by Calluna Heath. Molinieturn grow mainly on the 
128 
podzolic gleys which are also shared by Calluna Mixed Heath and 
Nardetum. The brown forest soils bear Agrostis-Festuca grasslands 
and Pt eridi urn. The Juncus species are found on gley soils. The 
majority of Nardetuin occurs on poorly drained soils, with some 
on dry soils and none on very poorly drained soils. 
2.8 Land-use in the Lalnmermuirs 
Even in the remotest parts of the Lammermuirs, the activities 
of generations of men and their animals have made a significant 
impact on the scenery. Man and his works are an integral part of 
the area's natural history. Ever since Man began in earnest to 
clear the natural vegetation to make way for his animals and crops 
over 2000 years ago, the scenery has undergone a gradual process 
of change. This is still continuing and to help put the 
description of contemporary conditions into perspective, the history 
of land-use is sketched briefly below. 
It is highly probably the Neolithic Man cleared the natural 
scrub and woodlands and inhibited regeneration through grazing and 
burning. There is little archaeological information about early 
Man's activities in the area, other than records of the surface 
morphology of old settlements and animal pens. However, it seems 
that during the Bronze Age more areas of woodland were felled 
and larger herds and flocks were kept (Childe, 1935; Clarke, 1947). 
The dwarf, birch and verrucose birch zones were probably the first 
areas to be completely cleared and grazed by cattle, swine and small 
goat-like sheep (OVis aries palustrio). 
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The advent of the Iron Age (c. 250 BC - AD 80) saw settlement 
in and around numerous small hill-forts and fort-like animal corrals 
looking out across the lower zones of deciduous forest which were 
yet to be cleared. Large numbers of domestic goats and sheep were 
kept around such settlements and may have played an important role 
in the economy, as the "poor man's cow" (Dudley Stamp, 1954). Small 
areas of land with southern aspects were used to raise crops. 
Timber was utilised in great quantities for building dwellings and 
stockades, smelting metals and as household fuel (Anderson, 1967; 
Ritchie, pers. comms., 1975). 
In the Roman Period (AD 81 - 446) historical records showed 
that deforestation continued for military reasons and consequently 
more areas were opened up for grazing. Deforestation also served 
to discourage wild animals such as wolves. Heavy inroads were made 
into the woodlands and scrublands, especially the open forests 
covering the tops of the Silurian Hills, (Anderson, 1967). Conservative 
estimates suggest that more than 400,000 Km 2 of the birchiands in 
the Southern Uplands, including the Laxnmermuirs, were denuded of 
forest cover and turned over to goats during the Roman occupation. 
The Romans also introduced ploughing to the area (Steer, 1951). 
In the twelfth century, Cistercian monasteries throughout the 
Southern Uplands set about rearing vast flocks of sheep in an attempt 
to enrich the land following the wasting of the north by William the 
Conqueror. Sheep monoculture developed further in response to 
continental demands for wool and the region was turned into a 
continuous sheep-walk. As rents were high at this time, sheep in the 
Lammermuirs had to be kept in far greater numbers than they are today. 
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Some have suggested that this may have led to erosion within 
a few decades (Fenton, 1951), but this has not been proven. 
Certainly, in the long term, the impact of continuous sheep 
grazing has led to a plagioclimax and impoverishment of flora 
and fauna which remain today, (Fenton, 1950; Pearsall, 1950). 
Deforestation continued during the Stuart Dynasty (1400 - 
1603) and even more woodland was converted into pasture. This 
was followed by a period of :colonial expansion (1709-1854) during 
which many of the old natural woodlands remaining in the 
Lammermuirs were destroyed. For example, the Oldhamstocks woodlands 
were completely destroyed in 1792, and at this time all the trees 
along the whiteadder Valley disappeared (Anderson, 1967). However, 
woodlands were replanted in other areas. The Marquis of Tweedale 
replanted much of the beech woodland in Yester Parish in 1770, 
(Louden, 1838), and in 1787 an extensive plantation was established 
at Hopes by Charles Hay. 
By the end of the eighteenth century, the farming system 
practised in the Lainmermuirs was very similar to that of today, 
(Naismyth, 1795, 1796; Anon., 1803; Harper, 1962). However, detailed 
investigations have shown that in many parts of the Lammerinuirs the 
limit of cultivated land was much higher than it is now (Parry, 1973, 
1975,1976a, 1976b). Many upland settlements and steadings were 
abandoned between 1600 and 1860. The reason for this may be economic 
or climatic, or a combination of both. Today in the Huinbie area, the 
limit of cultivated land still reaches well up to 350 m. There seems 
to be no climatic reason why the present limit at Huinbie reaches 100 m 
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higher than the rest of the surrounding uplands, except perhaps 
that the cultivated ground around Humbie is protected by well 
designed and maintained shelter belts. 
It is generally agreed that the possibility of extending 
cultivation in the hill lands today is probably limited to 
those areas which have been steel-ploughed within the last 
100 years (Ragg and Futty, 1967). The great ploughing-up of the 
marginal lands in the Lammermuirs which took place during the 
Napoleonic Wars was not repeated in the last two World Wars when 
very little rough grazing was turned over to arable. Drainage 
dykes of the First World War period are found only in the Longyester 
neighbourhood, where draining was carried out on the gentler slopes 
below the steep scarp edges. 
2.8.1 Present Land-Use 
Today farming is the major industry of East Lothian and North 
Berwickshire. Three main farming systems may be distinguished 
hill sheep farming, upland (livestock) farming, and low ground (arable-
livestock) farming. Forestry is also carried out in some parts of 
the study area. Parts of the Lammermuirs are used as reservoir 
gathering grounds and many upland moors are managed for grouse-shooting. 
The types of farming conform roughly to elevation. Hill sheep 
farms occupy the higher lying parts of the Lammermuirs between 180 and 
250 m. The low ground farms occupy areas below 30 m. The livestock-
rearing farms fall in the intermediate elevations, and occur largely in 
the upper valleys of the rivers Tyne, Leader, Eye, and the Fala, Birns, 
Hopes, Biel, Monynut, Blackadder and Whiteadder waters. The present 
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study is only concerned with the areas above 150 m, which include 
areas of hill-sheep farming, livestock-rearing farming, newly 
planted Forestry Commission woodlands and a number of smaller, 
privately planted woodlands • The major systems of land-use are 
described below in more detail. 
2.8.1.1 Hill Farming (Hill Sheep Farms) 
A few of the hill-sheep farms in the Lammermuirs have no 
ploughed ground and are entirely under rough grazing, except for 
some small enclosed fields of permanent grass which provide winter 
fodder and grazing for a small number of cows in the more sheltered 
valley land. Usually however, the typical Lammermuir sheep farm 
has a few enclosed 'in-by' fields which are ploughed and cropped 
as necessary, but which may remain in grass for many years between 
cropping. Oats, turnips, rape, and hay are grown on this land to 
improve the pasture and provide fodder. The main sources of income 
on this kind of farm are lambs, wool, store cattle, and draft (aged) 
ewes. 
A noteworthy feature of these farms is their large size, 
usually 800 - 1,300 ha. They are extensive because the poor 
productivity of the hills land necessitates farming a big area 
to obtain a reasonable income. The rent charged for hill farms 
in the study area is often based upon the headage of breeding ewes, 
exclusive of ewe hoggs. Recently rents were less than £1 per ewe, 
(Coppock, 1976). As farms are rarely sold, it is difficult to suggest 
realistic land values, but, using rents as an index, it appears that 
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hill-sheep farm land per unit area is worth less than one tenth 
the arable land on the Lothian Plain. 
The Lammermuir hill grazings are regarded as good in 
sheep farming circles because, compared with other areas, they are 
relatively free of sheep-ticks and parasitic diseases. Moreover, 
the potential carrying capacity is considered to be particularly 
high - approximately 3-4 breeding ewes per hectare, (British 
Association, 1951). The hills are relatively dry for upland heath, 
and the use made of the rough grazings is more intensive than in 
any other region of Scotland, (Coppock, 1976). In some places the 
actual sheep population densities reach 1.7 breeding ewes per hectare. 
However, the most frequently quoted stocking rates range between 1.0 
and 1.6 breeding ewes per hectare, which is less than half the 
potential carrying capacity quoted above, (King and Nicholson, 1964). 
In general, the upland grazings are not internally fenced. 
Instead, the ewes are contained naturally by physical features such as 
valleys, streams or shelter belts into sub-flocks (hirsels), each 
of which may comprise more than 500 ewes. The area of range of a 
hirsel is known as a heft. Each shepherd may tend several hirsels. 
The Scottish Blackface ewe is virtually the only breed of sheep 
kept on these hill farms, being born on the farm where she may produce 
up to four crops of lambs. The ewes lives out on the hills all year 
round. There is relatively little natural shelter protection for these 
animals as shelter belts are few and far between. In bad weather the 
sheep on the hills have to make the most of whatever shelter they can 
find. Supplementary feeding in winter is frowned upon and is rarely 
provided. Therefore, the sheep need to be hardy to withstand the 
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severe exposure and poor nutrition. 
The moorland is considered to be well managed by 
gamekeepers and shepherds who burn the heath regularly. The 
area has been drained in places to provide a better grazing for 
sheep and only a few ill-drained areas of hill peatland now 
remain. Most of the farms have some cattle, according to the 
nature of the available grazing and presence of winter keep. In 
the past cattle were kept on the heath along with sheep, a practice 
no longer adhered to. Instead cattle are concentrated on the better 
pastures near the farmsteads. The stock numbers of both sheep and 
cattle rise and fall throughout the year in a way which makes optimum 
use of the seasonal growth of the vegetation on each hill farm. 
2.8.1.2 Livestock-Rearing Farming (Upland Farms) 
Livestock-rearing Farms lie in the foothills and upper valley 
reaches. Many have some rough hill grazings and even heather moorland 
grazings attached, but the majority of the upland farm acreage is 
enclosed as fields. Some of these are farmed in rotation while others 
remain in permanent grass. Fields which are steep, ill-drained or with 
rocky,outcrops are especially likely to be maintained as permanent 
pasture. 
Large, less hardy sheep are kept on these lower farms and 
more cattle are found here than on the hill farms. The Cheviot ewe 
is the most common sheep, but where there are appreciable stretches 
of rough grazings attached, Scottish Blackface ewes are kept to breed 
Blackface and Greyface lambs. Cattle are also an important feature, 
there usually being a few dairy cattie for domestic use and a herd 
of beef cows. Wherever possible, cows are outwintered, although 
yarding and supplementary feeding are often necessary. Most 
profits come from sales of lambs, wool, and draft ewes. However, 
good returns are also provided by oats, barley and store cattle. 
These farms command rents of more than £5.50 per hectare, 
but often sitting tenants are continuing to farm land at less than 
economic rates of around £2.50 per hectare. The land may sell at 
more than £170 per hectare with vacant possession. 
2.8.1.3 Grouse Shooting 
Although the traditional monoculture of heather over vast 
areas to produce game birds for sport appears ecologically unproductive, 
it nevertheless generates large profit in the form of shooting rents; 
(Stapledon, 1937; Miller, 1964). Many of the large land-owning 
estates and shooting syndicates which control the farms in the study 
area derive far more profit from shooting grouse than from sheep and 
livestock rearing, (Mr. Sandy Hogg, factor of Sir John Gilmour's 
estates, pers. comms., 1975). As a result, the maintenance of 
grouse shooting moors is an important aspect of the land-use throughout 
most of the study area. 
The management of grouse moors is usually combined with the 
provision of hill-sheep grazing, since heather burning is an integral 
part of both. Muir burning has been a traditional practice in the 
Laimnermuirs for hundreds of years. In the early nineteenth century, when 
the shooting of the red grouse (Lagopus scoticus) was still an unknown 
sport, muir burning was carried out by hill shepherds solely for the 
benefit of their sheep. The early moorland fires were often very large 
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and poorly controlled. However, by the turn of the century, 
grouse-shooting had become a popular upper-class sport and the 
responsibility for burning the moors was taken out of the 
tenant farmer's hands and given to gamekeepers. 
Each grouse requires a variety of heather stages within 
its territory for feeding, nesting and shelter purposes. 
Therefore, gamekeepers prefer to burn a patchwork of small areas 
and' strips to maintain a large grouse population. The ideal size 
of fire in this context is approximately 0.5 ha. However, shepherds 
prefer much larger fires to produce a macro-mosaic. Large burnt 
patches minimise the amount of work required to shepherd a hirsel 
and avert the development of a Nardus sward on the small areas which 
are heavily grazed by sheep, (Stapledon, 1937). 
The decline in rural manpower availability and the restriction 
on the period during which heather can be burned in upland Scotland 
(The Hill Farming Act of 1946) have made it virtually impossible for 
many gamekeepers to burn the ideal micro-mosaic outlined above. Thus 
while some profitable moors continue to burn a fine patchwork, some 
gamekeepers and shepherds burn a coarse mosaic. Some shepherds left 
in charge of burning may light fires and then leave them to run 
uncontrolled all night. This can produce extensive patches of severely 
burnt moorland and hillside which contrast with other, more carefully 
burnt, adjacent heather areas. 
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2.8.1.4 Forestry 
The area given over the forestry in the uplands of 
south-east Scotland has increased fourfold since 1945, largely 
due to the increased planting of softwoods for commercial timber 
production (Anderson, 1967). Since 1950 the development of new 
ploughing technology has made a significant impact on the 
possibilities of land-use in the area. Trees can now be planted 
on land formerly thought too steep or too high for commercial 
afforestation, particularly heathiand and moorland sites. Complete 
ploughing of steep heathiand slopes has rapidly become a widely 
practised and accepted technique, with many extensive tracts of 
former moorland and heath now under Forestry Commission trees. 
However, forestry with its ancillary activities has not had a major 
impact on the economy of the study area. A number of small upland 
forests and woods occur at altitudes ranging from 150 - 350 m, but 
trees are seldom found at high levels, probably due to the limiting 
factor of exposure. Most woods are on the podzols and acid brown 
forest soils of the lower and middle slopes of the study area. 
The plantations are rarely extensive and are predominantly 
coniferous, although there are good, pure stands of beech on the 
southern slopes of the Lammermuirs on the Linhope series between 
240 and 300 m. Less frequently, beech have been planted as pure 
stands on the northern slopes of the area. A notable example of the 
versatility of beech was a plantation of excellent form growing at 
290 in on the Linhope series at Hopes near Gifford. This wood, which 
has now been felled, was approximately 200 years old and sound. Beech 
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is now also used in the upland woodlands as an edge tree, 
giving stability and longevity to the conifer crop, which 
is predominantly Scots Pine. The economic rotation of a 
conifer crop in the Lammermuirs is about 60 year. This is 
a relatively short crop span on areas where the establishment 
of replacement plantations on exposed upland sites is often 
a long and expensive operation. 
The Forestry Commission have two complete forests in 
the Laminermuirs, Duns and Stenton, and partof the forest at 
Saltoi.in. All these have the common disadvantage of being 
comprised of widely scattered blocks of woodland of varying 
sizes (4 - 120 ha) dispersed across the hill-foot areas. 
The Forestry Commission also owns 120 ha of recently planted 
shelter belts at elevations ranging between 180 and 370 m and 
plans to plant more shelter belts in the next few years. The 
main blocks of the Duns Forest generally lie along the southern 
slopes of the Lammermuirs between 150 and 370 m. Many newly 
ploughed and planted areas which were formerly under rough 
grazing have been added in recent years. Much of the Monynut 
Water Valley has been afforested within the last decade. The main 
species planted there have been Sitka spruce,Scots pine, larch, 
lodgepole pine, Norway spruce and Douglas fir, in that order. 
Beech are used as edge protection, and, in better sheltered sites 
where soils conditions permit, groups of hardwoods have been 
introduced, usually in association with Norway spruce. In the 
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upland areas on the northern slopes of the Lan]mermuirs, Sitka 
spruce is the predominant species, but on poor exposed podzolised 
sites, a mixture of Sitka spruce, lodgepole pine and noble fir 
is planted. On old woodland areas under lightly thinned scrub 
cover, a wide variety of exotic species has been established. 
Private forestry accounts for some of the upland woodlands. 
Shelter-belt planting in the hill and upland regions is good in 
places, as for example on the large hill farms of Cranshaws and 
Ellemford in the Longformacus district, where the selection and 
layout of species is first class. The hill farms in the Humbie 
district also have adequate provision of blocks and strips of 
trees for shelter purposes ; Scots pine forming the basis of 
the shelter crop. Shelter belts of mountain and lodgepole pine 
have been planted on Soutra Hill to inhibit snow drifting across 
the main road. It is proposed to increase the extent of private 
shelter belts in the next few years. 
The future of commercial forestry expansion in the 
Lammermuirs is presently limited by the high profitability of 
grouse-shooting on the extensive areas of upland moors and grazings 
which are most suitable for afforestation. Shooting alone provides 
far better returns than commercial forestry, so land owners have 
little incentive to afforest or to sell land to the Forestry Commission. 
2.8.1.5 Nature Reserves 
Small parts of the study area have been designated as 
nature reserves and Sites of Special Scientific Interest, notified 
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under section 23 of the National Parks and Access to the 
Countryside Act of 1949. These reserves are limited in 
extent but are interesting because, in spite of conservative 
management regimes, parts of some reserves are alleged to be 
suffering severe erosion problems. The worst affected reserve 
appears fo be a 72 ha botanical and physiological reserve 
established by the Scottish Wildlife Trust in the Lammermuirs 
Deans (NT 701704). This comprises four-steep walled ravines 
(termed galls), incised into lime-rich Old Red Sandstone Strata, 
containing many rare species of bryophytes, mosses and calcicoles. 
Another botanical Site of Special Scientific Interest alleged 
to have erosion problems is at the Hopes Reservoir. This 
comprises 140 ha of rough grazings and birch woodlands where 
rare communities of Juniper scrub are found, (Mr. C. Badenoch, 
Nature Conservancy Council, Edinburgh, pers. comms., 1975-7). 
2.9 Wildlife 
It has already been noted that animals may sometimes play a 
significant role in the initiation or maintenance of accelerated 
soil erosion. It is widely red.ognised that many countries have 
erosion problems induced by overgrazing of large domestic animals 
such as goats, cattle and sheep. It is known too that under certain 
conditions, wild animals may also be involved in the processes of 
degradation and erosion, although this is normally associated with 
some form of human mismanagement. The size of erosive animals varies. 
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Rabbits have caused trouble in parts of Australia and elephants 
have initiated erosion in Kenya (Giardino, 1974). In some cases, 
however, failure to appreciate the effects of particular species 
has led to conjecture and rash management. For example, in the 
High Country of New Zealand, deer were initially blamed for erosion 
damage which was subsequently attributed to sheep. Clearly, it is 
important to distinguish between the wildlife and domestic biotic 
factors influencing erosion in situations where habitats are 
shared by wild and domestic creatures. 
Scotland is not generally considered an area where wildlife 
has been able to create a significant impact on the soil or its 
vegetative cover. However, it would be unwise to assume that 
wildlife is unimportant in this respect. It would also be unwise 
to assume that only the larger mmmls could be important in the 
context of erosion. The vole plague of 1890-92 in the Southern 
Uplands was so large and widespread that it threatened the region's 
sheep farmers with disaster, (Pearsall, 1950). Voles burrow through 
the bases of grass tussocks and the surface soil , if it is dry 
enough, and bite through grass roots, destroying far more grass than 
they eat. In 1890-92 when the vole population in the Southern 
Uplands erupted, they were so numerous they destroyed almost all the 
herbage of the upland sheep-walks throughout an area exceeding 
2,500 Km 
2 
 The vole plague is just one of numerous examples which 
can be used to suggest that it is important to appreciate both 
past and present wildlife activity when considering erosion initation 
and maintenance in the study area. The following sections briefly 
outline some characteristics of some of the wild animals, which also 
graze the study area. 
2.9.1 Rabbits 
The rabbit (OryCtOZagUS ciziculus) was deliberately 
introduced into Scotland from Normandy during the reign of 
David I (AD 1124-53). At this time the species was prized 
as a source of food and fur, and was kept in private warrens 
along the coastal dunes of the Forth estuary. By and by, 
warrens were encouraged in the study area's uplands and 
marginal lands for domestic consimptiofl and fur export. 
Escapes were inevitable and led to the spread of the rabbit 
throughout the local countryside (Ritchie, 1919; Fenton, 1951). 
However, the rabbit population remained small for a considerable 
time. Monastic records show that in 1309 a rabbit cost sixpence, 
the price of a large pig. By the early fifteenth century rabbits 
had become more numerous and had given rise to a flourishing coney 
skin trade. In 1434 a customs was set up in HaddingtOfl to handle 
rabbit trade taxes (Sheail, 1971). 
In the eighteenth century the rabbit was numerous and wide-
spread throughout the Lainmerinuirs, aided by a reduction in 
predators brought about by game preservation measures and by 
increased food availability associated with farming improvements. 
Ritchie (1920) noted a further dramatic rise in the number of 
rabbits with the extension of cultivation following the start of 
the 'Golden Age' of agriculture in 1853. 
Although the rabbit trade continued well into the twentieth 
century, it was apparent by the turn of the century that the 
species was becoming more of a pest than an economic commodity. In 
1917 rabbits were so numerous that a Rabbit Order was deemed 
necessary to reduce the population in the region. Nevertheless, 
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by 1951 the rabbit population had increased and was still considered 
a menace to farmers and foresters. Dudley Stamp (1948) discussed this 
rathit problem in detail, noting that "the farmer on marginal lands 
was apt to regard the cheque in hit hands from rabbit sale as more 
tangible than the cheque he might receive for crops he might grow 
if rabbits were eliminated'. Attempts to reduce the rabbit population 
were not always whole-heartedly endorsed by farmers, especially 
those in remote upland parts whose pleasures included rabbit "potting". 
For example, rabbit shoots were very common in Hopes Valley until 
50 years ago, and were considered as profitable crops as sheep (Hogg, 
pers. comnis. 1974). Inhabitants still remember the times when one or 
more men were permanently employed as full-time rabbitors. These men 
earned good wages and encouraged the spread of rabbit warrens in the 
area. Fenton (1951) remarked that extremely large numbers of rabbits 
occurred on the study area's remoter upland grazings, many kilometres 
from the nearest farms. 
Some indication of the grazing pressures exerted by rabbits 
in the early 1950's is given by the trapping records of upland 
estates. Nicholson and Robertson (1958), noted that on one 
particular 800 ha farm, 6,000 rabbits were caught in each of the 
four years preceeding myxomatosis. Hume (1939) argued that five 
adult rabbits are the grazing equivalent of one adult sheep. If 
this is the case, then the grazing pressure due to rabbits on the 
800 ha farm might have been twice that exerted by the farmer's own 
sheep flock. 
The rabbit became the victim of one of the most severe 
animal epidemics ever witnessed in a wild animal species when 
myxomatosis virus was deliberately spread in the area during 
1954-5. The disease was transmitted by the specific flea of 
rabbits (Spilopsylla cuniculi) and resulted in an immediate 
mortality of about 99+ % (Thompson, 1956; Lockie, 1956; Southern, 
1956). The decimation of the population was ensured by farmers 
systematically spreading the disease in warrens throughout the 
entire region. However, rabbits appear to have made a successful 
recovery in the study area. This remarkable comeback may be due 
to a reduction in the virulence of the virus, or through the 
build up of resistant individuals. Whatever the reason, the 
Borders area secretary of the NFU recently reported that rabbit 
populations were again out of control following removal of 
government grants to rabbit clearance societies (Evening News, 
28.7.1977). Some local farmers feel that rabbits are now 
approaching their pre-myxomatosis numbers, and concern is 
indicated by the numbers of farmers advertising for diseased 
rabbits in the local and national press. However, myxomatosis 
may no longer prove effective as a control, (Head Gamekeeper, 
Tyninghame Estate, 1976). This poses a problem since other 
methods of control, such as cyanide magazining, has proved 
impractical in the drier soils. 
Rabbits eat grass and many other herbaceous plants and 
will bark trees in winter. The general effects of rabbit grazing 
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on Callunetum were demonstrated by Farrow' s classic ecological 
study of Breckland, (Farrow, 1916). Fenton (1951) noted that in 
the Southern Uplands similar effects occur, sometimes resulting 
in the loss of grazing through the spread of Pteridium aquilinuin. 
Rabbits will occupy any habitat below 600 m that provides grazing 
and suitable soils for their burrows. Their holes may vary from 
simple scratches to complex branched series of tunnels with 
numerous entrances and bolt-holes. The species is highly colonial 
and the passages and nests are usually grouped closely together 
in discreet colonies or warrens. Stephen (1963) notes than in 
addition to rabbits disturbing the soil, predators such as foxes 
and badgers will often dig out young rabbits from their stops, 
particularly when the young are numerous in the first part of 
the year. 
Rabbits are crepuscular and nocturnal by and large, although 
some individuals can be seen grazing outside in the daytime. 
Consequently, it is easy to underestimate rabbits from casual 
observations of warrens. The ecology and behaviour of rabbits 
in upland Britain has been discussed by several authors, (Ritchie, 
1919, 1920; Farrow, 1916; Hume, 1939; Thompson and Worden, 1950; 
Pearsall, 1950; Stephen, 1963; Darling and Boyd, 1964; Corbet, 
1966; and particularly Sheail, 1971). 
2.9.2 Hares 
Two species of hare can be found in the study area. The 
brown hare (Lepus capensis) occurs in any open or lightly wooded 
country and has adapted well to agriculture, being common on arable 
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and pastoral land alike. It is a solitary species, active 
mostly at night and lying up during the day in a 'form' on 
the surface of the ground among grass or shrubs. The home 
range may cover several square kilometres, but little is 
known of its territorial behaviour, (Corbet, 1966). 
The brown hare feeds on grass and other herbaceous plants, 
and in winter eats the bark and twigs of trees and shrubs. 
If available, root crops and cereal crops are also included in 
the diet. It is relatively immune to myxomatosis and its 
density increased in the study area following the reduction of 
the rabbit population by the virus in the 1950's. 
The other species found in the study area is the arctic 
hare (Lepus timidus), otherwise known as the variable, blue, 
or mountain hare. Lepus timidus generally occupies higher altitudes 
than Lepus CcQensis. However, in Scotland the ranges overlap to 
some extent, so one may find both species feeding together in the 
same meadow at dawn at altitudes around 300 m. As day breaks the 
brown hares descend to their forms among the fields and riversides, 
whilst the arctic hares retire to the heather moors above. 
The arctic hare can be found in all open or lightly wooded 
habitats. In upland Scotland it may descend to low ground in winter, 
especially where it can browse in woodlands. This species is more 
sociable than the brown hare, although this may only apply in winter 
when scarcity of food leads to concentrations of arctic hares in 
favourable feeding habitats. Lepus timidus is nocturnal and 
crepuscular in its behaviour, spending the day in a form among 
long grass or heather or sometimes in a cavity in rocks or 
in a very short and simple burrow. It feeds on a variety of 
ground vegetation but especially heather, willow, sedges 
(e.g.EriOphorun spp. - Cotton grass), and grasses . In winter 
it feeds mainly in woodlands, browsing on the bark of twigs 
of trees and bushes, particularly birch, juniper, willow, hazel 
and gorse, (Stephen, 1963). 
2.9.3 Roe Deer (Capreolus capreolus) 
The roe deer was common and widespread in the study area 
before the destruction of the natural forests when numbers 
dwindled. However, following the period of active tree planting 
at the end of the seventeenth and early part of the eighteenth 
centuries, the species spread southwards into the Lainmermuirs again. 
In spite of the devastation of local woodlands in the last two world 
wars, roe deer may still be seen in the area, but not often, as they 
are very shy of Man, (Fenton, 1951). 
The food of the roe deer is very varied but they are primarily 
browsers. The leaves of trees and shrubs, including birch, oak, 
willow and bramble, compose the greatest part of the diet when they 
are available. Grass, berries and fungi are also eaten. Roe deer 
are especially fond of plants such as Polygonwn bistora (Snaiceweed) 
and Ruinex spp. (docks). (Corbet, 1966; Stephen, 1963). 
The roe is the most solitary of the indigenous deer of Europe. 
It is mainly nocturnal and most of the daytime is spent lying up in 
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cover. In summer, roe frequently occupy dense bracken or under-
growth with plenty of shade, but in winter the animal prefers 
heavy cover with open grazing or browsing nearby. Hill roe will 
lie up in the open, but they are most often found in birch thickets 
or scrub land. They thrive in young forests and are fairly common 
in the Forestry Commission plantations. 
The males are territorial before and after the July-August 
rutting season, when they scrape bare patches on the ground near 
bushes, trees or other landmarks. The behaviour and other characteristics 
of roe deer are more fully described by Stephen (1963), Page (1962), 
and Corbet (1966). 
2.9.4 Voles 
On the uplands, voles are probably more numerous than mice, 
and, as they are grass-eaters, they have presumably profited by the 
general extension of rough grasslands which has resulted from sheep 
farming. Because of the absence of suitable cover from predators, 
they are infrequent in pastures which are closely mown by domestic 
animals. They are the most common in rough and tussocky upland 
grasslands, and these are the chief places which can support a continuous 
population of voles. 
During the last 100 years at least 2 severe vole-plagues have 
been recorded in the Borders. These took place in 1875 and in 1890-92, 
devastating large areas of upland sheep-walk, as mentioned earlier. 
Charles Elton (1942)produced detailed descriptions and analyses of 
these outbreaks. Elton (1942) and Middleton (1934) showed 
that a 3 to 4 yearly cycle of increase and decrease in the 
numbers of field voles (Microtus agrostis) is common in many 
upland areas, but in some situations local advantageous conditions 
may.alter this rhythm. Pearsall (l95)) noted that in the absence 
of sheep grazing, the greater luxuriance of the grasses in newly 
created forestry plantations is exceptionally favourable to the 
development of large vole populations, which may cause serious 
damage by eating the bark of tree seedlings during severe winters 
(Charles, 1956). For example, in one district of Argyllshire in 
1929-30, more than a million young conifers were destroyed by 
voles. 
In view of the favourable conditions brought about by an 
exciosure of sheep, Elton considered it remarkable that the great 
Southern Uplands vole-plagues of 1875 and 1890-92 should have 
occurred in the areas where sheep farming had gathered such a 
heavy stocking density. However, Molinia caeruZea and Deschcvnps-ta 
cespitosa, both tussocky in nature, are common plants in these 
areas and are able to create sufficient mat to protect and provide 
succulent grass stalks for the vole, despite the heavy grazing 
intensity. Suinmerhayes (1941) showed that vole grazing tends to 
preserve a varied herbage of Molinia casrulea, Deschconpsia cespitosa, 
Holcus mollis and mosses. 
Relatively little information regarding the vole in the 
Lammermuirs is available. However, the vole is likely to be found 
in areas with wet ground where rushes and sedges grow, in areas 
where larger herbivores have been excluded, and especially in most 
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forestry plantations in their early stages. Corbet (1966) also 
noted that Microtus agrostis may occur right up to the tops 
of hills, as long as there is abundant cover ; rock and scree 
performing this function in the absence of dense vegetation. 
Voles are active by day and night and make very prominent 
runs through grass which are then often used by other species 
of small mammals. Underground tunnels are also dug, but they 
are rarely extensive, and nesting normally takes place above 
ground, under a stone or log. Faeces are deposited in particular 
spots in the runs, and perform a territorial function in the 
adult males at least. (Corbet, .1966). 
More comprehensive and thorough accounts of the study area's 
past and present wildlife ecology can be found in the standard 





A SURVEY OF THE EXTENT OF SOIL EROSION 
FORMS IN PART OF THE LAMNERMUIRS 
3.1 Introduction 
A serious criticism of several erosion studies carried 
out in the British uplands to date is that they have concentrated 
upon precise field measurements of erosion processes without 
ensuring that their relatively few sampling sites are truly 
representative of the parts of the environment which they claim 
to represent (Gregory, pers. comms., 1978). As a result of this 
important shortcoming, few of the detailed findings of such 
erosion investigations can be considered in a regional perspective; 
a point emphasised in Part I. To achieve the objective of the 
present study, a broad regional perspective of the extent of 
erosion in the Lammermuirs was considered a basic pre-requisite 
for both the meaningful, efficient direction of subsequent detailed 
fieldwork and evaluating the significance of other available evidence 
concerning soil erosion in the study area. 
This chapter attempts to provide this perspective and to 
answer some of the questions raised about the extent of soil erosion 
in the Lammermuirs. The research work described comprises an aerial 
photographic reconnaissance and a simple erosion inventory analysis 
which aim specifically to provide an elementary description of the 
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type, numbers, sizes, intensities, and geographical locations 
of the erosion features of the study area. 
3.2 Approach used for the survey of mapping of erosion extent 
-Several methods can be employed to produce soil erosion 
surveys, although most worthwhile surveys produce some kind of 
erosion survey map. There are convenient, versatile means of 
storing and displaying soil erosion information simply. The 
most straightforward mapping method involves walking or riding 
over the survey area, covering the ground thoroughly and marking 
down observed erosion features directly onto a topographic map 
or aerial photograph. Such direct mapping can be refined by 
incorporating detailed ground surveying techniques to produce 
accurate and precise erosion maps. The time and manpower 
required for such erosion surveying is great and limits the 
scope of application to relatively small areas. 
It is also possible to survey and map erosion from a light 
aircraft or helicopter flying slowly at low altitudes. This 
approach was considered, but was judged inappropriate and expensive 
for the proposed survey. Therefore the survey was primarily based 
upon aerial photographic erosion survey methods. The survey of 
soil erosion using aerial photographic techniques is used and 
accepted throughout the world and a considerable volume of literature 
exists on the subjects identifying and mapping soil erosion phenomena 
from aerial photography; particularly guidelines produced by 
organisations such as the International Training Centre (ITC), the 
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Food and Agriculture Organisation of the United Nations (FAQ), and 
numerous Commonwealth Soil Conservation Services (Bergsma, 1971, 1974). 
Other noteworthy references include; Spurr (1960), Buringh & Vink 
(1961), Jones & Keech (1966), Totterdell & Nebauer (1973), Keech (1974a), 
Rapp (1974), Rao (1975), Kodak (1975), Lidov & Orlova (1975), Emery 
(1975b) and Parker et. al. (1976). 
Only a few authors have described the use of aerial photographs 
to map erosion phenomena in the United Kingdom. Successful 
applications of this approach include work in the River Findhorn 
Valley (Fairbairn, 1967), in the Brecon Beacons (Thomas, 1956) and 
on Ilkley Moor in Yorkshire (Hawks, 1974). Keech (1974a) also 
mentioned surveys of peat erosion features in the Derbyshire 
Pennines carried out by Bower (1960a, 1960b, 1961). 
In a recent review of the field, Williams and Morgan (1976) 
noted that in spite of the large numbers of workers engaged in 
mapping erosion from aerial photography, there are no standard 
erosion mapping techniques, and workers tend instead to adopt 
or devise whatever mapping systems are most suited to their 
particular tasks. However,all of the erosion surveyors agree that 
aerial photographic techniques are very efficient. Higginson (1970) 
noted in his study of erosion in the Shoalhaven Valley, Australia, 
that 'aerial survey and photographic interpretation is the only 
practical means of covering a lot of ground within a reasonable 
time and with minimal costs'. Saintilan (1972) and Young (1973) 
commented that in large areas aerial erosion survey are far cheaper 
than ground-based ones. 
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There are several contiAnts and pre-requisites involved 
in any aerial photographic work, but before considering these, one 
must first define precisely what it is one wants to map. The scope 
and nature of the mapping required determines the quality and scale 
requirements placed upon the aerial photography to be used. 
3.2.1 Description of the erosion forms in the study area 
Erosion occurrence is mapped from aerial photographs by the 
identification and mapping of visible features on the ground which 
are known to be, or suspected to be, associated with soil wastage. 
A gully is a good example of such a feature. In this thesis 
the term 'erosion form' will be used to refer to any ground 
phenomenon one might reasonably associate with past or present 
soil erosion:.activity. Initial reconnaissance work, travelling 
extensively across the study area on foot and on horseback, revealed 
a variety of erosion forms, of numerous types, sizes, states and 
seventies. Larger scale erosion forms, such as gullies, slumps, 
and patches of dissected bare ground made themselves immediately 
obvious by sheer size and apparent severity. Nevertheless, 
considerable care was also taken to note the somewhat smaller-scale 
and less overt erosion forms in the area, including undercut river 
banks, isolated animal trails, scrapes and burrows, and rills. The 
possible significance of less spectacular erosion features has been 
emphasised recently by workers elsewhere in upland Europe, and at 
this stage it was considered worthwhile to include such small forms 
i,r the survey (Thomas 1965; Imeson, 1976; Parker et. al. 1976; 
Imeson & Kwaad, 1976). 
The initial field reconnaissance indicated a wide range of 
different types and sizes of small erosion forms throughout the 
study area. Heaps of soil and patches of bare ground apparently 
associated with sheep and rabbits were especially prevalent 
but many of these occupied an area of less than a few in 2 . This 
was in marked contrast to the larger scale forms, some of which 
covered several hectares or more. In spite of the wide range 
of forms observed, it was possible to classify these into the 
series of categories listed in Table 3.1, which provides a 
simple indication of the range of types and sizes of erosion 
form observed. The individual erosion form categories are 
described in more detail below. 
Rabbit excavations : Many of the hillsides in the study 
area were dotted with rabbit holes, and in many cases several 
square metres of bare earth and stones were heaped immediately 
outside individual holes. In some instances it appeared that 
whole hillsides were affected by thousands of such holes 
(Plates 3.1, 3.11, 3.111 	). It was therefore decided that 
rabbit riddled hillsides should be mapped if possible. 
Animal rubbings, camps and trails : Animal rubbings, camps 
and trails of the kind so often attributed to sheep (Thomas, 1965; 
Evans 1975a, 1977), were frequently observed throughout the 
study area. These forms were noted both as isolated cases and as 
large clusters, but by and large were small in size and restricted 
to very small areas. Most of the animal rubbings observed in the 
reconnaissance occupied areas less than 10 m 2 , and many occupied 
an area of less than 2 m 2 (Plates 3.IV, 3.V, 3.VI 	). 
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Table 3.1 	Range in sizes of the different erosion forms observed 
in the initial reconnaissance. 
Erosion Form Category Very Small Small Medium Large Extremely Large 
(c. 	101  m2 ) Cc. 	100 m2 ) (c. 101 m2 ) (c. 	102 m2 ) (c. 	10 	m2 ) 
Rabbit Excavations VF / 
Rills V' / 
Sheep 	Rubbings / / / 
Animal Trails & Camps / / I I 
Scars I / 
Slumps  
Riverbank Erosion Forms I I / 
Overdeepened Hill Drains / / I 
Gullies / I 
Patches of Bare Ground (Sheet erosion forms) I I I 
Land Rover Tracks etc. / I I 
Man-made Borrow-Pits and Quarries 
features 
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Plate 3.1 Rabbit warrens on Dod Law 
above : general view 
below : close—up views of site 
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Plate 3.11 Tyical section of a rabbit hole—
riddled hillside on Fennie Law, Hopes. 
photograph below shows close up of area around t-ie 
ruc sac shown in the upper photograph. Field 
observations indicated that this warren was 
occupied by many rabbits. Thousands of rabbit 
holes were counted on this hillside. 
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Plate 3.17 Classic lunate sheep ruooins in the field 
behind West Rotes Farm. These are later referred to 
as "Ralph's Rubs". 
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Plate 3.V 	Not all features terned 'sheep rubbings' 
were lunate, althouh the majority anneared to have 
been lunate at some stage in their develornent. 
'-.-.-- -., 
t? 	:1( • 
b4 - 
U close—up of 
-ep—ho1low 
trails shown 
ti upper photo. 
Hrizonta1 ranging 
pole indicates depth 
of the undercutting. 
Plate 7 . 111 When sheen rubbin.s and trails occr in 
orofision. it is difficult to make clear—cut distinctions 
between 'rubs','ca:ats', 	'scars'. 
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Scars and slumps : A number of lunate, crescentic 
patches of bare or partly vegetated ground were found on the 
steeper ground near to streams and on steep riverside bluffs. 
Some of these sites were immediately recognid as straight-
forward rapid mass-movements (rotational slips) and yet 
others appeared to have developed by the fusion of numerous 
animal rubbings, scrapes, trails and camps and exhibited 
little or no signs of slumping. The majority of the scars 
and slumps, however, seemed to be hybrids of these two 
erosion forms (Plates 3. VII, 3. VIII, 3. IX ). 
A number of more stable-looking, vegetated sites 
were also noted which had the same overall morphological 
characteristics as the active scars and slumps (Plates 3.X ), 
but it was difficult to distinguish the mode of origin of 
these stable features. 
Most of the scars, slumps and scar/slumps were small 
to medium-scale forms occupying only tens or hundreds of 
square metres each, but some much larger examples also occurred 
(Plate 3.XI). 
Riverbank erosion forms : In addition to small scars 
and slumps at the edge of rivers and streams, there frequently 
occurred a distinct linear bank erosion form (Plate 3.XII ) 
associated with the incision and migration of water courses 
in the valley haughs. 
Enlarged and overdeepened open hill drains : Some of 
the hill drains had been affected by erosion, and in some cases 
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Plate 3.VIII 	Active—lookinE slumps. 
Plate 3-IX "Hybrid" scar/slump forms. 
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Plate 3.X More stable—loo:ing scar/lunrn form. 












Plate 3.XI Large scars and slumps occur freauently 
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Plate 3.XII Riverbank erosion forms 
(Plate 3.XIII ). Hill drains eroded in this way will be referred 
to as enlarged or overdeepened drains. 
Gullies : Substantial numbers of gullies were found 
throughout the study area, ranging in size from small, individual 
gullies (discontinuous gullies), only occupying tens of square 
metres, to gully complexes each covering many hectares and 
comprising gullies tens of metres wide and hundreds of metres 
long (Plates, 3.XIV, 3.XV, 3.XVI ). As illustrated in the plates, 
some gullies were quite bare and active-looking, while others 
were semi-vegetated or overgrown with vegetation and appeared 
to be dormant. 
Fans of bare debris were observed at the bases of many 
of the active looking gullies in the study area. 
"Sheet forms" 	 Numerous patches of ground on hillsides 
in the study area appeared to have been subjected to past or 
present soil erosion by wind, sheetwash or ruling (Plate 3. XVII ). 
These comprised bare ground, semi-bare ground or shattered bedrock 
and varied in size from small patches to whole hillsides. Many 
of the sites examined had loose stones, pebbles and fine scree material 
lying on their surfaces resembling an erosion pavement, (the regolith 
left in situ at the soil surface as finer soil particles and aggregates 
are removed by erosion ). 
Erosion forms within this category will be referred to as 
Il sheet" eros ion forms , but this term is not to be taken as an 




Exmples of crrdeeDerd drains 
(a) overdeepened drain 
on moorland below 
Rangely Kipp (NT6067) 
Scale indicated, by dog. 100, • • .,.: • - • 	'•. 4.e 	
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(t) gilly below overdeepened moorland drain at Sheepath Glen, 
with large continuous gully complexes in distance. 
t 
(o) olose—u. 9f the eroding drai. 
shown in 	) above. 
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Plate ,XIV 	Oblique aerial photograrh of numerous active 
and stable—looing discontinuous millie-s on and around 
Lammer Law (NT 532618 ) at the head of Hopes Valley. 
Photographed oy the author during an aerial reconnaissance 
in 1975. (see also Plate 4.1 & Plate 6.XIV for more examples). 
Plate 3./J7 rer - 	 an 1e-1OO(1fl 	jll 
Hill (T 590656 ). 
-w 
Aerial oblicue shot of Red scar, 
an active—looin .iscontinuou 
gully in the Hope Hills above 
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Plate .XVII 	Soie of the sheet erosion pheno:nena observed ir 
the study area. 
op : A typical scree—like sloDe in the Lamermuir Deans 'ature 
ierve. _Caleind.icaed by figure. 
Middle : Close—up of the ground where the figure was standing 
Bottom 	An adjacent section of the same slope, with soil pedicels. 
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Plate 3.XVII Sheet erosion forms (continued) 
A small section of a very extensive catch of hare hillside 
in Burn Hope above 'fester Aikengall. The scale of this 
extremely large area of bare soil and scree is indicated by 
the figure hold.ina a ranging pole. 	Numerous criss—crossing 
animal trails can be seen to the left of the figure. Several 
active—looking sheep camps occur around the urper edge of 
this gigantic scar. 
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Plate 3.XVII Sheet erosion forms (continued) 
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— 	
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General view of Jason's Scars — an extensive patch of 
bare and semi-vegetated hillside at the head of Brookside 
Burn on the Hopes Estate. The scale is indicated by the 
circled figure standing on the slope. An active-looking 
gully may be seen in the distance. There are active-looking 
sheep rubbings all around the main bare patches. 
• •' J ••• - 	a•lg. 	 - 	 •1 	• 
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Mt 
Of Jason's scar reveals Jas 	ow hare the 
hillside is next to the stream with streams of scree 
and soil clods in between scattered clumps of heather. 
A 30 in tape stretched over the central part of this big bare 
area marks a section of the site which seems to be losing 
a considerable r1rth of soil and sub-soil following relatively 
recent burning by local shepherds. 
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Engineering and construction works associated with erosion 
A number of sites were observed which could be considered under a 
general heading of 'engineering and construction works which seem 
to have been affected by erosion'. These included Land-Rover tracks, 
road cuttings, burrow-pits, and quarries which had signs suggesting 
that they were or had been, eroding to some extent. Such erosion 
forms were relatively small-scale and infrequent features (Plate 
3.xVIII 	). 
It is evident from the illustrated examples that, within 
individual categories of erosion form type, variations of size, 
shape, state, and apparent erosional severity occur. The term 
'state' is used in this context to refer to the activity of the 
erosion form. In the field reconnaissance, erosion forms were 
broadly divided into 'active' or 'stable' state classes. Active 
forms appeared to be eroding, whereas stable forms did not. 
From the initial reconnoitre, it seemed that the study 
area contained a large number of erosion forms, each representing 
a permutation of the various types, sizes, states and seventies 
which have been outlined above. To ensure an overall perspective 
it was desirable to try to distinguish all these different 
erosion form characteristics in the survey. 
Having now defined the nature and scope of the features 
to be mapped, the next section discusses requirements for surveying 
these forms from aerial photography. 
3.2.2 Requirements for mapping erosion from aerial photographs 
A prime requisite for erosion surveys is the existence of 
appropriate photographic coverage. Panchromatic, True Colour and 
False Colour Infra-Red photography are all suitable for mapping 
erosion phenomena (Totterdell & Nebauer, 1973). Colour photography 
has an important advantage over panchromatic photography in that 
the human eye can usually distinguish approximately 1,000 times 
more tints and shades of colour than it can differentiate tints and 
shades of grey (Miller and Schumm, 1968). Many workers have found colour 
photography more useful than panchromatic photography for mapping soil 
erosion forms but the main limitation of all colour photography, which 
inhibits its widespread use, is the high cost arising from stringent 
processing requirements. A further difficulty is that it is sometimes 
necessary to view colour photographs as transparencies. 
For the vast majority of studies of erosion, ordinary panchromatic 
photography has been adequate. If possible there should be a 
complete overlapping blanket of coverage so that every part of the 
area under investigation can be viewed stereoscopically (Avery 1962). 
The image quality must be good if fine tonal and textural differences 
are to be recognised (Bergsma, 1971, 1974; Emery 1975b; Kodak, 1976; 
Kilford, 1979). 
One of the most important limiting factors is the scale of the 
photography. To map the whole range of erosion-forms found, large 
scale photography was essential. Scales smaller than 1:50,000 are too 
difficult to work with, due to the poor resolution of small erosion 
features like the overdeepened field drains, animal scrapes and trails. 
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Evans (Pers. comms., 1975) remarked that for mapping upland erosion 
forms such as sheep rubbings, even 1:40,000 scale photography is 
beyond the threshold of usefulness. At this scale the smaller 
erosion forms are only depicted on the photography if there has 
been sufficient contrast to trigger the photographic grain beyond 
its true resolution. Photographs with scales of approximately 
1:10,000 and 1:7,500 are probably the most appropriate for 
identifying all but the tiniest erosion forms. 
The year of sortie and the time of year at which the photography 
was taken are also important constraints upon any photographic coverage 
(Steiner, 1966). All other things being equal, erosion forms surveys 
should use the most recent suitable prints. However, a compromise 
may have to be made if the quality or scale of the most recent prints 
is inadequate or if the season of sortie is inappropirate. Although 
dry or wet years seem to have little effect on the aerial appearance 
of the Lanimermuirs, seasonal changes may have a marked influence on 
landscape appearance (Parry, 1973; Evans, 1974b), which is relevant 
to the interpretation of erosion forms. For example, heavy snow cover 
makes the recognition and assessment of normally overt erosion features 
difficult or impossible, but on the other hand, light or melting srow and 
hoar frost provide the most vivid contrasts on photographs for almost 
every landscape feature. Itrexka.ined to be seen whether seasonal 
differences in plant growth in the study area would produce significant 
- problems for erosion mapping. 
The length of shadows on the photography can also affect the 
usefulness of prints for erosion mapping purposes. The longer shadows 
of late summer or autumn offer the advantage of marked tonal differences 
but may mask important features in forms such as steep sided gullies 
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and on scars. The time of day when the photography is taken also 
affects the length of shadows and can inhibit the usefulness of 
prints taken during the optimum season. In general, shadow problems 
may be avoided by selecting suitably timed photography from the 
available photographic coverages of an area (Spurr, 1960). 
3.2.3 The available coverage of aerial photographs 
Two extensive coverages of aerial photographs are available 
for the study area at scales of less than 1:40,000. The first of 
these was taken by the Royal Air Force in various years between 
1946 and 1959 and is now held by the Scottish Development Department's 
Aerial Photograph Library in Edinburgh. The second coverage was 
commissioned by the Ordnance Survey and is retained in Southampton. 
Figure 3-A shows the extent to which the study area is covered 
by these sorties, and the specifications of this photography are 
summarised below :- 
Royal Air Force Photography 
type : 	mostly split verticals, panchromatic (minus blue) 
scale : 	approximately 1:10,000 to 1:10,500 mean negative scale 
dates : 	various (see cover diagram, Figure 3-A) 
size : 	20 cm x 18 cm contact prints 
quality : 	rather variable, moderate to poor, some very poor. 
Ordnance Survey Photography 
type : 	all vertical, panchromatic (minus blue) 
scale : 	1:7,500 (nominal) to 1:7,000 mean negative scale 
dates : 	'High Summer' 1962 and 1965 
size : 	23 cm x 23 cm contact prints 
quality : 	excellent overall, but occasional poor prints. 
In addition to the photography mentioned above, scattered 
obliques and verticals of the study area are held by Prof. J.K. 
St. Joseph (Cambridge University); The South of Scotland Electricity 
Board; Meridian Airmaps Ltd., (Lancing); and B.U.S. Surveys Ltd., 
(Leatherhead). These miscellaneous photographs only provide a 
coverage of tiny isolated parts of the Lammermuirs, and are 
unsatisfactory for extensive erosion form mapping. 
3.2.4 Preliminary appraisal of the aerial photography coverage 
of the study area 
The Royal Air Force and Ordnance Survey coverages were 
carefully examined to assess and compare their merits and shortcomings. 
Although the Royal Air Force photography offers duplicated blanket 
coverage, much of this suffers from several limitations for erosion 
mapping; for example, poor resolution and contrast, poor printing 
quality, tilt problems, and restricted availability of prints (which 
could only be overcome by purchasing a set of prints at much expense). 
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In comparison with this, the Ordnance Survey photography 
is far more up-to-date, and of excellent quality. The printing 
quality and the resolution and scale of the photography combine 
to allow the smallest of the forms outlined in 3.2.1 to be recognised 
and mapped without undue difficulty. The stereoscopic effect 
produced by the true vertical views of the Ordnance Survey photography 
is more useful for erosion form mapping than the Low Oblique 
split-vertical Royal Air Force photography (see Fig. 3-AA). 
However, the Ordnance Survey photography only covers a part 
of the Lammerxnuirs, albeit a large part which encompasses most of 
the geomorphological sub-regions outlined in Chapter 2. This was 
not considered too serious .a disadvantage, and it was concluded that, 
in spite of the partial 'lack of cover, the Ordnance Survey photography 
would be more appropriate than the Royal Air Force photography for 
achieving the basic objectives of this survey. A further distinct 
advantage of the Ordnance Survey Photography was the availability of 
a complete set of prints, which was acquired with minimum expense 
for the author's personal use through the good offices of the 
Institute of Tree Biology, Edinburgh. 
It would have been ideal to make a detailed erosion form survey 
based upon the Ordnance Survey photography and then produce a more 
extensive survey based upon the Royal Air Force photography's greater 
coverage, so that the detailed survey could be viewed in the perspective 
of the extensive survey. This was not possible though, given the limited 
time and money available for the study. Therefore, the geographical 
limits of the erosion survey had to be confined within the scope of 
Split-Vertical RAP imagery 
produced by array of 8 cameras 
forming overlapping photography 
and 60 % overlap along line of 
flight. 	 ,7j 
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/ Centre cameras' imagery register 
/ 	detail satisfactorily. 
/ / 	I 
Some of erosion features and detail 
on outer cameras' photography 
obscured by hillocks, trees, etc. 
Figure 3-AA Difficulties in using Low Obliques / Split Verticals 
To cover as much ground as possible in minimum time, the R.A.F. 
photography employed fan-like, multiple arrays of cameras. The 
outermost cameras produced Low Oblique imagery rather than True 
Vertical imagery. This results in loss of some detail on numerous 
R.A.F. prints, where hillocks, steep slopes and obstructions such 
as trees mask erosion phenomena.. Even where some detail can be 
seen, it may be difficult plotting the correct shape and sizes of 
features on tilted prints. As many of the erosion forms to be 
mapped occur on steep, irregular slopes and terraces, the True 
ii'.1 Ordnance Survey DhotocTraphy was preferred for mapping. 
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the Ordnance Survey photography, and the result of the survey could 
only refer to those parts of the Lammermuirs included in this 
coverage, and to the situation at the time of the photography i.e. 
1965. 
It was therefore proposed to produce a detailed survey of 
the erosion forms within that large part of the Lammermuirs covered 
by the Ordnance Survey photography taken in 1965. The following 
section outlines how this was accomplished. 
3.3 Procedures employed to map erosion forms from the Ordnance 
Survey photography. 
3.3.1 General concept of the criteria for interpretation 
Several authors working outwith the United Kingdom have fully 
described and illustrated criteria by which soil erosion phenomena 
may be identified and mapped from aerial photography (Bennet, 1939; 
Kohnke & Bertrand, 1959; Stallings, 1957; Bergmsa, 1971), and 
recently this subject has been comprehensively reviewed by Emery 
(1975b) working in New South Wales, Australia. Nevertheless, it was 
considered worthwhile to establish independently the criteria for 
interpreting soil erosion in the Lanunerinuirs. 
In the more specialised aspects of aerial photographic 
interpretation, such as erosion survey, previous experience of ground 
conditions gives the interpreter an advance 'reference level' which 
results in more accurate and rapid interpretation (Avery 1962; Vink 1964). 
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Vink defined this as "the general as well as scientific or 
specialised knowledge which a certain interpreter brings to the 
study of aerial photographs". One cannot simply map erosion from 
an aerial photograph.. One has to identify and map those phenomena 
which display the signs or symptoms of having been affected by 
erosion processes. This can be suggested either through topographical 
criteria or through textural and tonal criteria associated with 
the presence of bare or relatively unprotected ground, which is in 
turn associated with erosion processes (Vink 1968 ; Bergsma 1974). 
Some erosion surveys have been made with the assumption 
that erosion features identified on aerial photographs are sufficient 
in themselves to be used as evidence of the occurrence of erosion 
on the ground. However, this may be completely invalid, particularly 
if it has only been assumed that erosion occurs on bare or unprotected 
ground depicted on the aerial photograph. Even in tropical areas 
with highly erosive rainfall bare soil patches are not necessarily 
reliable evidence of erosion in every case. It is much simpler to 
evaluate whether an area of bare ground has been, or is being, 
affected by erosion when one is close to it than to do so from either 
an aircraft or an aerial photograph. It is for this reason that this 
chapter deals with 'erosion forms' which have been defined as situations 
where it is reasonable to suspect that soil erosion might have been 
active either in the past or recently. In the relative absence of a 
thorough experience and knowledge of the situation on the ground, vis-
a-vis erosion, erosion forms identified on aerial photographs can 
only be considered at this stage as sites where soil erosion has 
possibly been occurring. 
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The mapping of erosion phenomena and the recognition 
of the need to obtain more definite, objective evidence to 
establish the presence or absence of past or present erosion 
in these sites is essential if one wants to avoid making unnecessary 
or invalid assumptions regarding erosion in an area with which one 
is unfamiliar. This point has hardly every been raised or put 
into practice in previous aerial photographic erosion survey 
studies in Britain. However, in the present study it was considered 
necessary to make independent, detailed ground-based observations 
and determinations of erosion occurrence which can be linked with 
the survey of erosion forms to ascertain the extent to which certain 
erosion forms are actually eroding, or have actually eroded in the 
past (see Chapter 6 
3.3.2 Establishing criteria for interpretation in the study area 
A pilot study was carried out to establish criteria for 
interpreting the aerial photography and to find the most appropriate 
system for mapping erosion forms on the Ordnance Survey photographic 
coverage of the Lammermuirs. Initially, time was spent travelling 
throughout the area gathering a comprehensive ground knowledge of 
the erosion forms there. Aerial photographs were taken into the 
field and used in a series of exercises involving concurrent 
interpretation and ground-checking. This greatly enhanced the 
recognition of erosion-forms on the aerial photography, and also 
underlined some of the less obvious limitations of the prints. 
Not too surprisingly, most of the criteria for interpreting 
erosion forms derived from this pilot study were similar to those 
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established elsewhere by other workers. For example, apparently 
actively eroding areas could be distinguished easily from non-
eroding, revegetated and stable areas, by photographic tones 
and textures. The red and light-brown coloured soils of the 
study area emphasised differences between bare and protected 
ground very clearly on the aerial photographs. The barest 
areas appeared as almost white or very light greytones on the 
prints, due to the greater reflection of light from the exposed 
soil particles and stones (Higginson and Emery 1972). The 
vegetation in older and stable erosion forms caused much darker 
photographic greytones and also gave rise to textures unmistakably 
different from those of the bare areas (Bergsma 1974; Emery 1975b; 
Williams and Morgan 1976). 
As shown in 3.2.1, a wide variety of different types of 
erosion forms could be distinguished from the ground in the Lammermuirs, 
and to a large extent these different types could also be distinguished 
from the aerial photography. The gullies were easily recognised 
on the photography, and their depth could be subjectively assessed 
under stereoscopic viewing. Shadows enhanced the appearance of the 
depth of gullies, but also made it hard to appraise the state of 
the ground surfaces inside the gullies. 
The various 'sheet'erosion forms outlined earlier could also 
be identified on the aerial photography. These appeared as different 
tones and textures associated with the varying proportion of bare 
ground on these sites. What was judged on the ground to be severe 
soil loss appeared as a very light greytone on the photography, 
indicating the absence of almost all groundcover and organic 
topsoil. Minor and moderate sheeting appeared as intermediate 
greytones, or more frequently as mottled tones, indicating 
the scattered presence of some groundcover. It is important 
to distinguish the tone and texture due to certain land use 
practices (such as fresh ploughing) and that due to what might 
be severe sheeting (Boesch and Steiner 1959; Pause et al. 1967). 
On the other hand it should be noted than in timbered terrain, 
certain sheet and gully forms may be unnoticed altogether, and here 
there is a vital need for careful field checking (Haefner 1967; 
Brenchley 1968; Emery 1975b). 
Forms such as scars, slumps and debris fans were discerned 
more easily from the photography. Without exception, active erosion 
forms were much easier to spot than stable ones because active forms 
have tonal and textural contrasts between the form and the surrounding 
ground, in addition to any morphological differences. Although 
active scars and slumps were spotted fairly easily on the photography, 
the light greytories and vivid contrasts with the adjoining habitats 
frequently made it difficult to differentiate between scars and slumps 
using the kinds of morphological criteria applied on the ground. On 
some prints it was possible to make a meaningful distinction between 
a scar, a slump and a 'hybrid' scar/slump, but on many it was only 
possible to assess some forms as 'either a scar or a slump, or a 




Texture may be used to great advantage to interpret smaller-
scale soil erosion forms on the Ordnance Survey photography. With 
a little practice and experience, it became possible to recognise 
the small heaps of bare soil associated with rabbit burrows and other 
small-scale forms such as overdeepened hill drains, sections of eroding 
streambanks, animal trails, rubbings and camps (Martin and 
Zickefoose 1976). However, it must be emphasized that there are 
definite limits to the resolution of the photography which make the 
recognition and identification of such small-scale forms more 
difficult and less consistent than the identification of features 
such as gullies. Moreover, forms such as overhanging streambank 
erosion sites were sometimes invisible on the aerial photography. 
There might also be other insidious forms of soil erosion which may 
go totally unnoticed both on the ground and the aerial photographs. 
3.3.3 Mapping feasibility trials 
Before attempting to map the entire area covered by the 
Ordnance Survey photography, a small part of the proposed survey 
area was selected and used to test the accuracy of interpretation 
and to develop and test the workability of a suitable mapping 
system. The 25 1m2 area covered by sheet NT66NW was used for 
this test. 
Pairs of the 1965 Ordnance Survey prints were systematically 
examined under low, medium and high power magnification on a Huger 
& Watts SB 180 Mirror Stereoscope fitted with a parallel guidance 
system. This equipment and its operation are fully described in 
* Footnote: The chief limiting factor is the negative grain size 
coupled with the degree of contrast. The resolution 
of this imagery is adequate enough to spot fence-
posts, drains and sheep, if there is sufficient 
contrast. However, it was decided not to use the 
photography to identify and plot items less than 
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Huger and Watts (1966). The prints were also carefully 
scrutinised using an Agfa-Lupe (x 8) hand lens. Applying those 
criteria for interpretation outlined above, erosion forms were 
identified, classified and then clearly marked-upon the print 
using fine wax pencilto avoid the possibility of any forms being 
overlooked at a later stage in the mapping. It was advantageous 
to view the prints from all possible angles when using the 
stereoscope because some erosion forms became more clearly 
visible from certain aspects. This was especially true for 
animal trails and rabbit excavations which could be recognised 
most easily on slopes facing the interpreter. 
The scale at any particular point on an aerial photograph 
is a function of the camera focal length, the degree of print 
enlargement and the distance between the camera lens and the 
subject in question. This distance depends on the altitude of 
the camera, the elevation of the point and the horizontal 
distance between the point and the nadir of the photograph. 
There are therefore significant scale variations within each 
print due to topographic differences and the position of the 
subject in relation to the nadir. All other matters being 
equal, the scale of the imagery decreases in a radial manner 
away from the nadir, which is close to the centre point of 
True Vertical aerial photographs. Similarly, an increase in 
elevation will also cause a displacement, resulting in a 
decrease in scale. 
Although such variations in scale are important when 
measuring distances or areas directly from an aerial photograph, 
they are dealt with most effectively if one uses standard procedures 
plotting detail onto existing orthogonal physiographic maps 
(see Spurr, 1960). Strictly speaking, this is not "mapping" 
per Se., rather plotting accurately detail onto existing 
plans. 
Bearing the points outlined above in mind, the detail from 
the aerial photography interpretation was transferred onto 
1:10,560 scale Provisional Six Inch Series maps published by the 
Ordnance Survey using plotting procedures to maintain the 
maximum amount of detail and accuracy. The 1:10,560 maps were 
the largest scale physiographic maps available for the area. 
Several methods of transferring detail onto the maps were explored 
to determine the most appropriate technique. Radial line plotting 
was found to the most accurate and precise method, but was too 
laborious and time consuming to be efficient for this survey. 
Transferring detail by eye was tried, but was not practicable 
for many parts of the area, because there were too few landmarks 
available to permit accurate transfers. 
A Zeiss Aero Sketchmaster instrument was the best means of 
transferring detail from the photography to the maps. This 
instrument and its operation are fully described by Zeiss (1965). 
It was simpler to use than the radial-line plotter, with only a 
minimal loss in precision and accuracy. Tests showed that 
gully-shaped fields (of known fixed shape and size) could be 
mapped to an accuracy of + 3 % of the precise dimensions 
achieved using field-based geodetic measurements of the same 
fields. By ensuring that detail was plotted using as many 
tie-points as possible, and by only using the effective 
central portions of each photographic print, errors due to 
topographic displacement and scale variations could be kept to 
an acceptable minimum. The Zeiss Sketchmaster was used 
consistently to transfer erosion detail onto the 1:10,560 
mapping sheets for the remainder of the erosion form mapping 
feasibility trials. 
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In view of the number and complexity of the erosion forms 
in the study area, it was desirable to devise a simple standard 
mapping legend which would facilitate efficient erosion form 
mapping and preserve the detail distinguished from the aerial 
photography. A set of symbols was designed for this purpose, 
based upon the classification of erosion forms into different 
types and states;,.(Fig. 3-B). State refers to the apparent 
state of the erosion form, based purely on initial, subjective 
aerial photography interpretation. This apparent state was 
assigned to one of four preliminary, subjective categories 
which are not precisely definable, (see footnote *)• The 
legend is adapted from a geomorphological mapping key suggested 
by Williams and Morgan (1976). Wherever possible, the shapes 
and sizes of the symbols were kept to scale to allow comparisons 
to be made directly from the erosion map. However, although 
it is relatively straightforward to draw scaled symbols reflecting 
the shape and size of large features such as gullies and scars, 
it was not always feasible to scale-draw symbols for small erosion 
phenomena. It would require inordinately fine, delicate mapping 
to scale-draw rubbings and rabbit excavations on a 1:10,560 
scale map. Therefore these forms were mapped more qualitatively 
* Footnote : In the context of this chapter the term "active form" 
referring to apparent state might be better expressed as "active-
looking" form. Similarly "stable form" refers to stable-looking 
features. The accuracy of the interpretation of state can only 
be assessed in the light of detailed monitoring work which is 
presented in Chapter 6. Throughout this chapter any reference to 







"Sheet" forms; large patches 
of bare ground, scree, erosion 
-pavement, etc. 
Continuous gully complex 
Debris fan 
Overdeepened. drains 
	 Scars and slumps q 
(. 
: ( 
._- 	 r 
...- 	 - 
Rabbit excavation heaps 	 Isolated sheep rubbings 
Animal camps and trailed areas 
	Riverbank erosion forms 
Engineering-related erosion forms  
Colour scheme indicates apparent state 
Active-looking forms mapped in red ink, 
Stable-looking forms mapped in black ink, 
Semi-stable forms mapped in appropriate combination 
of black &. red ink, 
Uncertain state mapped initially using pencil. 
Fig. 3-B 	Symbols employed for 1:10 9 560 erosion form mapping. 
Due to the rather overlapping character of many of the erosion 
phenomena mapped in the Lammermuirs, it was not always possible 
to make clear-cut distinctions between certain erosion form 
categories. It was therefore useful to annotate much of the 
mapping in fine ink. 
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than the larger scale forms. The state of each form was indicated 
by the colour of the symbol. Active forms were mapped in red, 
stable forms in black, and a combination of colours was used to 
represent forms which exhibited a mixture of active and stable ground. 
Forms whose state could not be ascertained from the photography were 
mapped in pencil. 
Having mapped the erosion forms in the 25 Km  araa from 
aerial photographs in the laboratory, the accuracy and precision 
of the mapping was checked in the field from horseback, covering 
every part of the area systematically. The area was also surveyed 
direct from a Cessna 172 (Skyhawk) light aircraft from altitudes 
between 150 m and 500 m. It was anticipated that these checks 
would reveal some important omissions and mistakes in the aerial 
photographic interpretation and detail plotting. In the event, 
however, it was found that the aerial photographic survey had no 
significant omissions and had plotted the erosion features correctly 
on the map. The groundchecking work on horseback and the work with 
the aircraft also provided an opportunity to compare the uses and 
limitations of erosion surveying techniques in the study area. 
Comparisons between the three kinds of surveying were complicated 
by the age of the photography, which meant that the situation depicted 
on the aerial photographs was ten years older than the situation mapped 
from the aircraft and the ground. Although changes could have occurred 
in the interim, the photographic survey results tied-in very closely with 
the results of the ground and direct aerial survey. Judicious cross-
checking with reliable sources of local knowledge later confirmed that 
there had been no significant visual changes at any of the sites 
surveyed during the decade between the photography and the 
ground-checking. It was therefore concluded that the mapping 
produced from the aerial photographic laboratory work was a fair 
and reasonable representation of the number, types and states 
of erosion forms in the trial area at the time of the photography. 
Comparison of the three different erosion mapping techniques 
confirmed initial assumptions that aerial photographic surveying 
of medium and large-scale erosion forms would be easier, quicker 
and as accurate as any other survey method. Direct aerial survey 
of erosion forms was found to be feasible from a light aircraft, 
but this was very costly and produced mapping which was comparable 
only at its best with the results of aerial photographic work. 
Direct aerial mapping is appropriate for extensive, qualitative 
erosion form surveys, but is not suitable for detailed mapping. 
Ground-based mapping was clearly suitable for detailed surveys of 
small areas. It enables one to map features such as overhanging 
river banks which are not visible on aerial photographs, but it 
is laborious and ill-suited to the mapping of numerous large-scale 
features. For the envisaged extensive, quantitative survey work 
in the Lammermuirs, aerial photographic survey methods were essential. 
The feasibility trials demonstrated the overall workability 
and effectiveness of the photo-interpretation system used to map the 
trial area. It was therefore decided to map erosion forms throughout 




3.3.4 The detailed mapping of the erosion forms in the extensive 
survey area. 
All of the area covered by the 1965 Ordnance Survey aerial 
photography was mapped systematically using the procedures outlined 
above. This time, however, it was not possible to subsequently 
groundcheck each individual erosion form site, although, wherever 
opportunities arose in the course of other fieldwork, the accuracy 
and precision of the erosion mapping work were tested. 
In view of the high degree of accuracy and precision of the 
erosion survey methods demonstrated by the field trials, it is not 
surprising that numerous ground-checks over the extensive survey 
area suggested that very few significant erosion forms had been 
omitted from the mapping and that few had been wrongly identified 
or incorrectly surveyed. Errors in the interpretation and mapping 
which did come to light are discussed below. 
3.3.5 Errors in the extensive survey's interpretation and mapping 
procedures 
Minor problems arose in the course of the erosion interpretation 
and mapping which have a bearing on the evaluation of the survey 
results because they may have introduced errors. Possible sources 
of error are discussed below. 
Although the overall quality of the Ordnance Survey photography 
used is excellent, some prints covering certain areas are exceptionally 
poor. For example, the series of prints covering the moorlands around 
Green Castle (NT585655) is blurred, making it difficult to interpret 
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erosion phenomena in this sector. Photointerpretation was also 
made difficult by the presence of long shadows and late lying 
snow drifts on some parts of the coverage. As a result it was 
suspected that the mapping in the eastern part of the survey 
area was more reliable than that in the more snow covered 
western part. However, confidence in the reliability of the 
mapping in the western areas was restored following careful ground-
checks of the affected aeras, which were verified by local knowledge 
gleaned from gamekeepers, shepherds and water board attendants. 
Rectification and correction of the original photo-interpretation 
was only necessary in a few cases, and errors caused by inadequacies 
in the photography were kept to an acceptable minimum. 
In addition to the problems arising from minor inadequacies 
in the photography itself, there were also human errors. Certain 
kinds of erosion forms tended to be overlooked more frequently than 
others during the interpretation of a photograph. Features such as 
small animal camps, scars, or trails were much harder to identify than 
gullies on the same print. This tendency was more marked on prints 
where there were long shadows or poor contrast. In a few cases the 
tone and texture of melting snow appeared very similar to those of 
active sheet erosion phenomena, and it was possible that features such 
as stable gully sides covered in snow might have been mistakenly 
interpreted as active gully slopes. To pre-empt and minimise such 
interpretive errors, extra time was spent on any photographs where snow 
was present, and the mapping from these prints was carefully ground-
checked. The use of the true colour, photography would have been much 
more reliable and simpler to interpret in this situation. 
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Interpretive errors probably resulted in an underestimation 
of some numbers of the less overt erosion forms, particularly 
animal rubbings, camps, trails and excavations. Furthermore, 
some erosion phenomena might be invisible, too small, transient, 
or short-lived to be detected and mapped using the present survey's 
modus operandi, leading to even further underestimation of the 
extent to which the surveyed area has been and is being affected 
by erosion. Therefore, the erosion form interpretation ought not 
to be considered definitive and completely comprehensive. More 
realistically, the erosion mapping should be considered a reasonable 
indicator of the minimum extent of the different erosion forms in 
the surveyed area in 1965. 
The systematic, careful use of a Sketcbxnaster to transfer all 
details from the aerial photography to the mapping sheets helped 
minimise further plotting errors. Nevertheless, the mapping scale 
adopted (1:10,560) is more suitable for mapping large erosion forms 
than small forms, and the sizes of the erosion forms depicted on the 
erosion map must be approximations rather than precise measurements. 
A 1 mm diameter dot on a 1:10,560 map represents more than 87 m 2 on 
the ground, and therefore the slightest mistakes in the transferring 
of detail could lead to errors in the order of up to + 5% of the 
area of larger forms and up to + 25% of the area of medium sized 
erosion forms. However, it is likely that such errors are self-
eliminating to some extent, and for the purpose of this survey, 
are taken to be within acceptable limits (Martin and Zickefoose 1976). 
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3.3.6 Results of the extensive erosion form mapping work 
The results of the survey of the area covered by the 1965 
Ordnance Survey photography comprise fourteen transparent overlays 
each measuring approximately 37 cm x 37 cm. Each overlay is super-
imposed upon the relevant Ordnance Survey Six Inch Series map 
sheet, but may also be superimposed upon Soil Survey and Geological 
Survey mapping sheets produced at the same scale of 1:10,560. 
It is not feasible to present these overlays and map sheets 
with the present study because the maps are too large and numerous. 
It is impossible to reproduce the maps' finely detailed, coloured 
symbols in any meaningful forms using monochrome prints, and colour 
reproduction of the large original sheets is excessively expensive. 
Moreover, the size of the mapping sheets cannot be reduced without 
considerable loss of the mapping detail. A typical extract from 
the original mapping is shown, (Fig. 3-C), and copies of the original 
sheets have been lodged in the map library of the Department of 
Forestry and Natural Resources, where they can be inspected. 
Fig. 3-C shoes the erosion forms mapped on sheet NT56SE. 
This extract is a particularly good example because it shows the 
locations of subsequent fieldwork investigations and the positions 
of some erosion phenomena used to illustrate points in the preceeding 
text. The numbers marked on the map in Fig3-C indicate the sites 
of erosion features shown in specific plates, and the names refer to 
sites discussed in subsequent chapters. Brief comments on the features 
on the mapping extract are given below. 
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The extract (Fig 3-C) illustrates the extent and range 
of erosion phenomena in a fairly representative area spanning parts 
of the hilifoot, scarp and upland plateau areas to the north-west 
of the Hopes Reservoir. Much of this area comprises Sir John 
Gilmor's Hopes Estate. It also includes several sites formerly 
alleged to be "erosion hazards" by the Hulifoot Survey, (1962). 
The grain of the topography here is predominantly influenced by 
the alignment of the Lammermuir fault. However, several streams 
have cut valleys which run into the scarp and cut it into large 
spurs or rigs. Small and medium sized gully phenomena occur 
frequently in the headwaters of these streams, and many appear 
to be active and incising into the plateau edge above the scarp 
at altitudes between 400 and 500 m. Jason's Gully and Red Scar 
are two of the most active-looking erosion forms shown on the 
map (Fig. 3-C). Hill drains are frequent in this area, but only 
overdeepened drains are depicted on the mapping sheet. Some of 
these are apparently stable,:hut others seem to be eroding. The 
active overdeepened drains occur both in isolation and in association 
with active gully forms. One of the small overdeepened drains shown 
on the extract also has a small active debris fan at its foot (NT572635). 
Several large patches of scree, bare ground and semi-vegetated 
ground are depicted on the steep sides of some rigs. In addition to 
these, there are many smaller scale forms, such as active animal 
rubbings, camps, trails and excavations. In some places there are 
complexes of different types of active forms, particularly large 
patches of scree and bare ground with animal rubbings and excavations 
'superimposed' upon these. Some small scard and slumps may also be 
R' 	 *4' 	 S 
THIS MAP IS REPRODUCED FROM THE ORDNANCE SURVEY 1963 
1:63,360 One Inch to the Mile Series Sheet 63 (DUNBAR), 
WITH THE SANCTION OF THE CONTROLLER OF H.M. STATIONARY 
OFE CROW COPYRIGHT RESERVED. 
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picked out along the edges of the main stream courses. 
Figure 3-cc provides a general summary of the location 
and distribution of the larger-scale erosion phenomena 
mapped on the 1:10,560 sheets, and has been sketched from 
the detailed large-scale mapping. The detail shown in this 
figure is not drawn strictly to scale and cannot show many 
of the small-scale erosion features depicted on the larger 
scale map sheets because these features cannot be shown well 
even symbolically at the 1:63,360 scale of the summary map. 
They are simply too small and numerous to be shown meaningfully. 
The summary map reveals several interesting points. For 
example, much of the gullying in the Lammermuirs can be seen 
to occur at the headwaters of the first-order streams crossing 
the edges of the upland plateau. This is particularly 
noticeable at around 400 metres O.D. along the marked break of 
slope of the scarp of the Hope Hills, just south of Hopes 
Reservoir, and around the Monynut Edge further east. Similarly, 
there appear to be associations between the drainage network 
and most of the larger-scale erosion phenomena mapped. Scars 
and slumps frequently occur on steep slopes adjacent to streams 
and rivers in the upper reaches of the catchments. 
Fig. 3-CC Sketch map (1:63,360) showing the overall distribution 
of gullies and scars in the study area. (OPPOSITE PAGE) 
Key to map opposite : - Active-looking gullies........ 
Stable-looking gullies .......... 
Active-looking scars/slumps........ 
Stable-looking scars/slumps............ 
Scree and bare patches ...........4 
Contours 12.2 m interval (heights marked in feet 0.D.) 
Grid interval 1 Km 
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3.4 Quantitative analysis of the erosion survey map 
The erosion form mapping sheets provide a large amount of 
visually displayed information concerning the numbers, types, 
sizes, shapes, locations and associations of erosion forms. 
Although this is a significant step towards providing a broad 
regional perspective of the extent of erosion in the study area, 
the information presented on the map cannot be appreciated fully 
nor described to its best advantage without some form of numerical 
analysis and summarization. Therefore, information was taken from 
the mapping sheets to produce a simple inventory, designed to quantify 
the total amount and overall extent of the observed erosion forms 
(Stevens 1977). 
Where considerable numbers of erosion forms occur in an extensive 
area, erosion inventories may be based upon representative samples 
to reduce the time and effort involved in producing the inventory 
(Dunne 1973; Keech 1974). However, sincethere were less than 2,000 
distinct erd.sion forms mapped on the fourteen 1:10,560 erosion mapping 
sheets, every single erosion form could be included in the inventory. 
This avoided sampling problems altogether. 
The following methods were used to collect the inventory data. 
Each distinct erosion form depicted on the mapping sheets was system 
atically inspected andinformation entered onto a specially produced 
erosion census form. Fig 3-D shows Part I of this pro-forma. A 
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Fig. 3-D 	Example of erosion inventory census sheet (n.b. Only the first page of the pro-forma is shown here. The 
rest of the form is described and illustrated in Chapter 5.) 
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	 0 10 
DRAIN 
	 0 11 
SCAR/SLUMP 
	 0 12 
RABBIT HOLE EXCUNS. 
	 0 13 
RIVERBANK EROSION FORM 	 14 
ANIMAL RUBBING 
	 D is 
ANIMAL CAMPS/TRAILS 
	 0 16 
FAN 
	 0 17 
MISCELLANEOUS ENGINEERING WORKS 	£3 18 
(state type in box below) 
ACTIVE 	 EJ 19 
STABLE 	 20 
STABLE + SOME ACTIVE (STABPLUS) 	 21 
UNCERTAIN/INDETERMINATE 	 U 22 
EXTREME 	 0 23 
SEVERE 	 M  24 
MODERATE 	 0 25 
MILD 	 U 26 
11 EROSION FORM CENSUS 
LOCATION GRID REFERENCE 
TYPE OF EROSION FORM 
(Tick as appropriate) 
AREA OCCUPIED (index in cm2 , as taken from map using dot_gridf 4 	j 27 - 31 2 
cm 
- if site is a drain or gully indicate length (mm) 	I 1 33 - 35 
- if site is a drain or gully indicate width (mm) [1 I 1 37 - 39 
variety of information about each case was collected on each 
census form. The information collected relevant to the 
numerical analysis discussed in this chapter is described 
below :- 
Location 	The exact location of each erosion form was recorded 
on the census forms as precise 8 - figure grid references, taken 
from the National Grid on the Ordnance Survey Six Inch Maps using 
a perspex grid roamer. Because the grid-reference of each case 
was unique, the grid-reference was used as the case reference 
number. 
Type 	The type of erosion was noted on the form. Some erosion 
form categories have been grouped together on the census sheet. 
Scar and slumps are listed together to acknowledge problems 
of distinguishing between them on the photography. Similarly, 
animal camps are grouped with animal trails to avoid making false 
distinctions between these features which often appear to merge. 
In general the different types of erosion form are mutually 
exclusive, particularly in larger scale erosion forms. In some 
instances, certain major erosion forms were recognised with smaller 
scale erosion forms in close association; for example, a large gully 
with animal rubbings and trails inside the outline of the gully. 
Accordingly, wherever a major erosion form also had minor forms 
superimposed or included within its boundaries, the minor forms 
were noted as such on the census form. This left scope for such 
associations to be examined at a later stage. 
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State : The apparent state of the erosion form was noted, with 
careful cross reference to the original photographs to minimise 
errors. For the purposes of the inventory, state was classed in the 
* 
following categories: - 
- active 	(actively eroding or eroding very recently) 
- stable 	(not actively eroding - usually dormant, heavily 
vegetated and passive, colonised sites) 
- semi-stable (predominantly stable, but exhibiting signs of 
limited erosion activity in certain parts) 
- uncertain (state indeterminate for one reason or another 
- e.g. gully side slopes covered in snow or in 
shadows.) 
The "semi-stable" category was used to describe sites which appeared 
largely stable with some amount of active ground within their 
boundaries. It was particularly useful for describing old stable 
gullies with emergent active animal camps or rubbings at their heads 
and dormant sites which had largely healed over with vegetation but 
which still contained some areas of bare ground. 
Severity : A subjective assessment of severity was made from the 
aerial photography and recorded on the census form. Severity was 
clAssed as 'extreme', 'severe', 'moderate', or 'mild'. This ordinal 
scale of categories was mutually exclusive; the assessment being made 
following guidelines suggested by previous studies (Willian& Morgan 
1975; Shields et. al., 1974; Bergsma, 1975; Emery 1975). However, 
the author feels that the usefulness of the severity information is 
limited by its inherent subjectivity. 
- * Footnote : As mentioned earlier, these categories refer to 
the apparent state of the erosion form. Strictly, 
read "active-looking for "active"; "stable-
looking" for "stable"; and so on. 
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Area occupied 	A simple index of the area occupied by each 
erosion form was taken and noted. This was measured on the 
map rather than on the aerial photography to minimise errors 
caused by scale variations. Even so the area measured on 
the map can only be regarded as an index because there is a tendency 
for areas on steeper slopes to be underestimated by this method 
(Verstappen 1963; Saintilan 1972). Furthermore, the adoption of 
a mapping legend which comprised both scale and non-scale symbols 
complicated the measurement of areas even on perfectly level ground. 
Area measurements were made using an extremely finely 
graduated perspex dot-grid capable of resolving areas down to 0.005 cm  
on the map; equiva1itto approximately 55 m 2 on the ground. Small 
scale forms occupying less than this were given a nominal area value 
(i.e.< 55 m2 ). Thus, the information regarding areas of erosion 
forms consists of two levels of measurement; nominal for the very 
tiny forms, and ratio for the remainder. 
3.4.1 Processing the inventory data 
The information collected on the census sheets was transferred 
onto punched cards and used to create a series of computer data files 
which were interrogated and transgenerated to produce series of cross-
tabulations and summaries. The data handling and cross-tabulation 
facilities of the Statistical Package for the Social Sciences 
(Nie et. al., 1970) were particularly valuable for managing the 
data files involved. 
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The computing procedures used to produce the summary tables 
presented below are so straightforward that it is not really 
necessary to discuss them further, except to note that some of 
the values presented in the summary tables have been deliberately 
rounded up or down to integer values to simplify the tables and 
emphasize that the values shown should only be considered indices 
towards the actual areal extent of erosion forms. Figures relating 
to areas which include decimal points might otherwise have been 
viewed as exact values. 
3.4.2 Results of the initial analysis of the inventory information 
A series of cross-tabulations (Tables 3.2, 3.3, 3.4) is presented 
to illustrate the overall extent of erosion forms in the area covered 
by the erosion mapping sheets. These show the total numbers and 
areas (ha.) occupied by different types of erosion forms of different 
states, and also indicate the percentage of the surveyed area they cover. 
It is important to emphasize that the figures presented in 
the columns headed 'rabbit excavations','animal rubbings', and 'animal 
camps and trails' in Tables 3.3 and 3.4 refer to the numbers and 
areas of separate complexes of forms depicted on the map, each one of 
which is dominated by an unspecified number of small scale erosion 
forms of the type indicated by the particular column heading. 
Figures listed under other erosion categories represent numbers and 
areas of distinct and separate erosion form cases. 
In cases where a major erosion form also has smaller scale 
erosion forms sited within its boundaries (for example a gully with 
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animal trails and rubbings at its head) none of the information 
regarding such smaller scale forms has been included in the 
tables, to avoid overestimating the overall extent of erosion 
forms (Tables 3.2; 3.3; 3.4). Consequently, all the figures in 
the columns referring to erosion form complexes represent cases 
independent of any other erosion form or complex. This does 
tend to mask the presence of "epiphytic" forms such as rubbings 
and trials within larger scale forms and within complexes where 
other small scale forms are dominant. 
3.4.3 Preliminary discussion of the results of the erosion inventory 
analysis. 
The tables presented above show the total frequencies of 
erosion forms and the areas which these occupy, cross-tabulated by 
state, and give a clear impression of the overall extent of the 
erosion forms observed to be present in the survey area in 1965, 
(Tables 3.2, 3.3, 3.4a, b, c, d). 
This area comprises some 19,599 ha. The total area occupied 
by all the observed erosion features is 278 ha, corresponding to 
1.4% of the total area. Of the 1,501 distinct erosion forms included 
in the inventory, some 1,146 were assessed as active forms, covering 
a total area of some 162 ha, corresponding approximately to 0.82% 
of the total area surveyed, and some 58% of the total area occupied 
by erosion forms. 
Table 3.2 	Breakdown of the inventory into four major states, 
expressing the frequency of erosion forms and the 
areas (ha) occupied by these forms. 
EROSION STATE 	TOTAL NO. 	AREA (ha) 
	 % OF TOTAL  
OF FORMS 	OF CASES 	OCCUPIED') 
	 SURVEY AREA (19, 99 rV 
OCCUPIED BY FORMS 
'ACTIVE' 	1,146 	 162 ha 	 0.826% 
*(76%) 	 (58%) 
'STABLE' 	 282 	 93 ha 	
0.474% 
	
(19%) 	 (33%) 
'SEMI-STABLE' 	50 	 10 ha 	 0.051% 
(3.8%) 	 (4%) 
'UNCERTAIN 	23 	 13 ha 	 0.066% 
(1.8%) 	 (5%) 
TOTAL 	1,501 	 278 ha 	 1.417% 
(100%) 	 (100%) 
Note * Figures in (brackets) indicate value expressed as % of column total. 
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All Erosion Forms (Active + Stable + Semi-stable + Uncertain States). 
Gullies 	'Sheet' 	over - Scars Rabbit Animal 	Animal Bank Fans 	
Engineeri- 	TOTAL 
forms deepened & excavat- rubbings 	camps & erosion ing works. 
drains Slump ions trails forms etc. 
'umber of cases 
	
274 	187 	140 	451 	47 	159 	46 	88 	35 	74 	
1,501 
(18.3%) 	(12.5%) 	(9.3%) 	(30.0%) 	(3.1%) 	(10.6%) 	(3.1%) 	(5.9%) 	(2.3%) 	(4.9%) 	
(100 %) 
pproximate Area 	148 	62 	5 	39 - 	3 	4 	2 	2 	5 	
. 	8 	< 278 
)ccupied (ha) (53.2%) 	(22.3%) 	(1.8%) 	(14.0%) 	(1.1%) 	(1.5%) 	(0.7%) 	(0.7%) 	(1.8%) 	(2.9%) 	
(100 %) 
appa PYPPcTfl  AR 
% OF TOTAL SURVEY 	0.75% 
	
0.32% 	0.03% 	0.20% 	0.02% 	0.02% 	0.01% 	0.01% 	0.02% 	0.04% 	1.42% 
Figures in brackets express the value as a percentage of the row total 
Table 3.3 Areas and Number of erosion forms summarised and arranged into types 
0 
"Active" Erosion Forms 
Gullies "Sheet" over- Scars Rabbit Animal Animal Bank Fans Engineer- TOTAL 
forms deepened & excavat- rubbings camps & erosion ing works 
drains Slumps ions trails forms etc. 
Number of Cases 	114 174 75 375 46 155 43 87 22 55 
1,146 
(10.0%) (15.2%) (6.6%) (32.7%) (4.0%) (13.5%) 
(3.7%) (7. 	6%) (1.9%) (4.8%) (100 %) 
Approximate Area 	55 57 4 28 3 4 2 2 2 5 
162 
Occupied (ha) 
(34.0%) (35.2%) (2.5%) (17.3%) (1.8%) (2.5%) (1.2%) (1.2%) (1.2 	%) (3.1%) (100 %) 
Area expressed as 
% of Total Survey 	0.28% 	0.29% 	0.02% 	0.14% 	0.02% 	0.02% 	0.01% 	0.01% 	0.01% 	0.03% 	
0.83% 
Area 
* Figures in brackets express the value as a percentage of the row total 
Table 3.4 a. 	Active erosion forms; numbers and areas occupied 
summarise and arranged into types 
- 	 "Stable" Erosion Forms 
Gullies 	"Sheet" 	over- Scars Rabbit Animal 	Animal Bank Fans 	Engineer- 	Total 
forms deepened & excavat- rubbings camps & erosion ing works 
drains Slumps ions trails forms etc. 
Number of Cases 	125 2 55 71 	0 2 	0 0 	10 17 282 





76 1 1 10 
(81.7%) (1.1%) (1.1%) (10.8%) 
<<1 	 2 	3 
(2.1%) 	(3.2%) 
* Figures in brackets express the value as a percentage of the row total 
Table 3.4 b 	Stable erosion forms; numbers and areas summarised 




"Semi-Stable" Erosion Forms 
Gullies 	"Sheet" 	over- Scars Rabbit Animal 	Animal Bank 	Fans Engineer- 	TOTAL 
forms deepened & excavat- rubbings 	camps & erosion ing works 
drains Slumps ions trails forms etc. 
Iumber of Cases 	 15 11 	10 4 	1 	2 	3 	1 	1 	2 50 
(30%) (22%) 	(20%) (8%) 	(2%) 	(4%) 	(6%) 	(2%) 	(2%) 	(4%) (100%) 
approximate Area 	 5 4 	<< 1 1 	<< 1 	<< 1 	<< 1 	<< 1 	<< 1 	<< 1 10 
Dccupied (ha 
(50%) (40%) (10%) (100%) 
* Figures in brackets express the value as a percentage of the row total 
Table 3.4 c 	"Semi-Stable" erosion forms ; numbers and areas summarized 
and arranged into types. 
"Uncertain" Erosion Forms 
Gullies 	'Sheet' 	over- Scars Rabbit Animal 	Animal Bank 	Fans 
forms deepened & excavat- rubbingscamps & erosion 




























* Figures in brackets express the value as a percentage of the row total 
Table 3.4 d 'Uncertain' erosion forms 	numbers and areas summarised and 
arranged into types. 
215 
In terms of numbers of erosion forms and the areas 
occupied by these, the situation appears to be dominated by 
active forms, with the stable ones much less frequent but 
nevertheless occupying 93 ha representing some 33.5% of the 
area under erosion forms. Only a small number of erosion 
forms were assessed as 'semi-stable' and these occupied 
10 ha. Some 23 cases were classed as 'uncertain' and covered 
13 ha, corresponding to less than 2% of the total number of 
erosion forms examined. Nevertheless, even if all the 'uncertain' 
forms were truly active, there would still have been less than 
1% of the total survey area occupied by active erosion forms, 
a remarkably small percentage. The small number of 'uncertain' 
cases reflects the aerial photograph's quality and the marked 
dichotomy between stable and active erosion forms. This results 
in the ease with which the state of forms can be classified using 
tonal and textural criteria for interpretation. 
The tables showing frequencies and areas of erosion forms 
cross-tabulated by state and type of form (Tables 3.4 a, b, c, a), 
suggest that some types of erosion forms are more numerous than 
others whilst certain types are more extensive than others. The 
most frequently occurring forms do not necessarily occupy in total 
the greatest area. There are many active scars and slumps but 
collectively these only occupy a small fraction of the total area 
occupied by active erosion forms (Table 3.4a). 
Approximately one third of the total active erosion form 
area is made up of some 114 active gullies, and another third is 
made up of 174 separate cases of active sheet erosion forms. Thus, 
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gully and sheet forms alone account for just over two thirds of 
the total area of active erosion phenomena. 
However, at this stage, this information should be 
interpreted with the utmost care as some features associated 
with certain erosion processes are far more readily detectable 
on aerial photography than other features associated with 
different kinds of erosion processes (Bergsma, 1971). Arnoldus 
(1974) notes that gully, bank and severe sheet erosion are 
processes which are usually easily detected, whilst splash, mild 
sheet (soil profile not decapitated), non-severe rill and wind 
erosion processes can only be inferred from other features. For 
example, Keech (1974a) noted that very little sign of erosion could 
be found on panchromatic or multispectral imagery of an experimental 
area near Silsoe, Bedfordshire, which is used for measuring severe 
sheet erosion incidence on arable land. 
Consequently, whilst some of the figures shown in Table 
3.4a may be tentatively interpreted as reasonable indications of 
the extent of certain kinds of erosion processes (such as gullying), 
some of the other figures relating to the extent of different, 
less detectable, kinds of erosion process may in fact be 
significant underestimations. There is no real indication whatsoever 
regarding the extent to which processes such as wind erosion may 
have been active in the surveyed area in 1965. This limitation 
highlights an extremely important point. Assessing active soil 
erosion from aerial photography is only permissible if the interpretation 
is backed by thorough field checks. 
Although the figures indicating the extent of active 
erosion phenomena are perhaps the most interesting findings 
arising from the survey of erosion forms, the information 
regarding stable erosion forms is also useful and enlightening. 
As in the case of the interpretation of the active form 
information, the figures presented in Table 3.4 b must be 
used with judicious care since they too possess significant 
limitations inherent in the photo-interpretation. 
Only those stable erosion phenomena characterised by 
their morphology, rather than grey-tone or texture, can 
be easily identified and mapped as such on aerial photography. 
This is an important limitation of erosion form interpretation 
which may explain why there are relatively few instances of 
certain types of stable erosion forms noted in the inventory, 
and whc the majority of the stable forms identified were 
'morphologically' recognised phenomena, such as gullies, drains, 
scars and slumps (Table 3.4b). 
Therefore, it is suggested that the information concerning 
the frequency and extent of morphologically - identified stable 
features, such as those outlined above, is a reasonably accurate 
estimate. Since some other kinds of erosion phenomena may not be 
identified at all on aerial photography once they have ceased being 
active, it is probably a much greater proportion of the study area 
than that indicated in Table 3.4 b has been affected by erosion 
processes at one time or another. For example it may be impossible 
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to detect many stable dheet erosion sites from the type of 
photography used. Consequently, the stable sheet erosion forms 
included in the inventory probably just represent those 
instances where severe erosion has occurred and left a 
distinct erosion pavement which has persisted and has been 
identifiable even after revegetation (Arnoldus, 1974). 
Bearing these limitations in mind, the information 
about the frequency and extent of stable erosion forms must 
be interpreted separately and should not be compared directly 
with the findings concerning active erosion phenomena. At 
this stage, the stable erosion form findings might be regarded 
at best as an index towards the minimum frequency and extent 
of stable erosion features occurring in the survey area in 
1965. Nevertheless, the results do at least indicate that 
stable gullies, drains, scars and slumps are frequent occurrences, 
with stable gullies apparently occupying a larger area and being 
more frequent than active gullies. 
The information about the 'semi-stable' erosion forms 
should be interpreted in much the same way as the stable form 
findings. The majority of the semi-stable cases comprised 
old enlarged hill drains or stable gullies with active animal 
trails, rubbings, and camps occupying small parts of their heads 
and sides. Other cases included patches of scree, erosion pavement 
and old scars which had active animal rubs and trails superimposed 
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upon 
The small proportion of 'uncertain' state erosion 
forms has already been noted. These chiefly comprised 
gullies whose state could not be determined with confidence 
due to shortcomings in the photography, or problems caused 
by snow drifts and shadows. 
3.5 Chapter Summary 
Many different types, states and seventies of erosion 
phenomena can be recognised and mapped in the Lammermuirs, 
both from the ground and from the air. For an extensive 
quantitative survey of erosion forms larger than 1 m 2 , 
panchromatic aerial photography with scales of 1:7,500 and 1:10,000 
may be used more effectively and with minimal expenditure 
of time, costs and manpower. 
The various types, states and apparent seventies of 
erosion forms in a 19,599 ha section of the study area were 
identified on 1:7,500 scale photography and mapped onto 1:10,560 
Ordnance Survey maps to produce erosion mapping suggesting the 
nature, location and extent of sites where erosion might have 
been occurring prior to, or at the time of, the photography; 1965. 
Each of the 1,501 distinct erosion forms and complexes 
identified in the survey was examined and details such as its 
location, type, state and area occupied entered in an erosion 
form inventory. This data bank was used to produce summary 
tables indicating the frequency of occurrences and the areas 
occupied by different types and classes of erosion forms. These 
figures must be used cautiously, since they are subject to several 
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limitations and provisos which tend to preclude a clear-cut 
definition of the extent of past or contemporary soil erosion 
in the surveyed area. 
Although the stable erosion form figures provide 
suggestions regarding the locations, sizes and extent of at 
least some of the different types of past erosion phenomena, 
this information may be far from comprehensive and should 
simply be considered an index towards the minimum extent 
of past erosion. Without the support of further kinds of 
evidence the stable erosion form information cannot be 
used with confidence to suggest much about the age, intensity 
or mechanisms and manner of action of past erosion events in 
the stable erosion forms. This makes it rather difficult 
to place the stable erosion phenomena into a regional or 
temporal perspective at this stage. On the basis of these 
desk study results alone, it is hard to distinguish whether 
some of the larger stable gullies are signs of recent man-induced 
erosion or much older relicts of periglacial processes and 
glacial meltwater activity. 
In the absence of independent ground-based evidence to 
determine the presence or absence of erosion and check the 
validity of the photographic interpretation, it would be unwise 
to assume at this stage that the active erosion form figures are 
firm or comprehensive evidence of erosion processes actually occurring 
on the ground. Consequently, the results of this chapter and their 
implications are discussed in more detail later in the light of 
further evidence, analyses and findings. 
The erosion survey work achieved the principal objective 
of providing some elementary description of the type and extent 
of erosion phenomena in an extensive part of the study area. As 
a by-product, information was obtained which can be used for 
investigations of associations between erosion forms and several 
fundamental physical parameters. Some of the uses and limitations 
of surveying erosion extent using aerial photographic techniques 
were also explored. A basic requirement is the production of 
an elementary set of standards against which erosion intensity 
on aerial photographs can be judged with greater objectivity and 
confidence. Without this there may be no guarantee that erosion 
has been, or is, present at any erosion phenomenon identified 
on an aerial photograph, nor can it be safely assumed that erosion 
does not occur outwith such sites. 
It is recognised that the data presented in this chapter are 
rather crude summary statistics. Although they indicate that only 
a tiny fraction of the total area surveyed is occupied by overt 
erosion phenomena, contrary to the suggestions c'.E earlier writers 
discussed in the Introduction, it is not apparent from the statistics 
whether or not there are concentrations of erosion phenomena on 
specific kinds of slope, or particular susceptible soil series. 
Such possibilities are indicated by the summary erosion maps, so 
they are worth consideration. It would be useful to examine the 
proportions of the different environments comprising the study area 
that are sensitive to erosion damage and may be at risk in the 
future. 
Accordingly, Chapter 5 examines concentrations of erosion 
phenomena on different soil types and under different kinds of 
land-use, to give a more detailed break-down of the available 
information on erosion form distributions. Before that, however, 
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Chapter 4 presents an examination of long-term and more recent 
changes in the overall pattern and distribution of overt erosion 
features in the Lainmerniuirs. This complements the work outlined 





ATTEMPTS TO OBTAIN SOME INDICATIONS OF LONG-TERM EROSION 
TRENDS IN THE LANMERMUIRS USING DESK STUDY TECHNIQUES 
4.1 introduction 
The survey work described in the previous chapter indicated 
the nature and extent of erosion phenomena occurring in the study 
area in 1965. However, since erosion is dynamic, it is also 
important to determine whether these phenomena have become more 
or less frequent or extensive through historical and recent 
times. There are two desk study approaches available for 
determining erosion trends across an extensive area. The first 
of these uses historical records ; the second employs remote 
sensing imagery. The purpose of this chapter is to describe attempts 
to obtain indications of erosion trends in the Lammermuirs using 
each of these different approaches. 
4.2 Historical Records 
Numerous different kinds of historical record may be 
employed to determine erosion trends within an area by desk 
study methods. These include historical documents, old maps 
and plans, which are discussed below. 
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Old documents may sometimes provide valuable information 
regarding the nature and changes of past erosion occurrence 
in a particular area. Several erosion investigations have attempted 
to determine long-term erosion trends using such evidence. For 
example, Bryan (1928), used documents to establish past changes 
in the channel of the Rio Puerco, a tributary of the Rio Grande 
in New Mexico. He derived information about the widening and 
deepending of arroyos and used this to suggest that the introduction 
of cattle into the area in 1880 probably initiated the widespread 
accelerated soil erosion which began at about that time. Huxley 
and Pratt (1966), used various types of historical evidence to 
assess erosion trends in Holyrood Park, Edinburgh. These consisted 
of old naturalists' site descriptions, old botanical reports, and 
eye witness accounts of gully initiation during a violent thunder- 
storm in 1774. Other evidence used included old prints and drawings. 
Sheail (1971), quotes numerous old accounts and letters indicating 
the occurrence and trends of various soil erosion phenomena 
elsewhere in Britain. Amongst these are Thomas Wright's 17th 
century descriptions of erosion at Lakenheath Warren, Suffolk, 
which record in precise detail the history and sequential development 
of wind erosion which destroyed several houses and 400 ha of corniands 
(Wright, 1668; Houghton, 1681). 
Old maps have also been used with varying degrees of success 
to determine the history and development of erosion features. 
Fairbairn (1967), used the 1869 Ordnance Survey mapping of the 
River Findhorn Valley to help pre-date the initiation of gully 
and other erosion phenomena there. Huxley and Pratt (1966), tried 
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to determine erosion trends in Holyrood Park using old maps 
and diagrams with less success. 
Such historical evidence has to be treated cautiously 
because of its widespread limitations. When available, it 
may be subjective, exaggerated or even misleading. However, 
in some cases it can provide extremely useful information 
about erosion trends and erosional development. The following 
section briefly, describes some work which tried to determine 
some long-term erosion trends in the Lammermuirs from 
documentary records, old maps and estate plans. 
Attempts to obtain some long-term erosion trends in the 
Lammermuirs from historical evidence. 
The Lanunermuir Hills have a more comprehensive coverage 
of old accounts, estate maps, and other historical descriptions 
than most other parts of upland Scotland (Parry, 1973, 1976a). 
Accordingly, some time was spent in libraries, archives and records 
offices searching through some of this material for references 
or indications of soil erosion. The initial phases of this work 
were facilitated by the availability of an extensive bibliography 
of documents and plans describing the Lammermuirs between 1600 and 
1900 (Parry, 1973). The results of this search are presented and 
discussed in four sub-sections. The first describes attempts to 
detérminé erosion trends from old documentary records. The 
second briefly outlines examinations of old small scale maps. 
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The third deals with attempts to determine pre-1850 erosion 
trends from larger scale manuscript estate plans and the final 
sub-section explores the possibility of detecting erosion 
trends from large scale Ordnance Survey maps. 
4.2.1 Historical documents 
A search through numerous old publications and manuscripts 
held in local libraries and archives failed to reveal any useful 
information regarding the presence or absence of erosion in the 
Lammermuirs before the 20th century. There are many old published 
accounts of the study area dating back to the 18th century, but 
none of these mentions erosion even indirectly (Old Statistical 
Account, 1791-9; Naismyth, 1795, 1796, 1807; Anon., 1803; 
New Statistical Account, 1845). Several sets of unpublished 
manuscripts held by the Scottish Record Office relate to lawsuits 
which used manuscript plans to delineate disputed march-lines 
(property boundaries), and some of these plans show gullies and 
scars as landmarks (see 4.2.3). However, the text of these 
litigations make little reference to these features. Attempts 
were made to track down the records of a mediaeval lawsuit which 
is reputed to have cited large active gullies as march-line 
landmarks south of Hopes, but the records could not be found. 
The restricted time available for this aspect of the present 
study precluded a rigorous and thorough search of the tomes of 
relevant historical evidence. The limited amount of information 
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obtained by this search hardly justifies searching the old 
accounts and records. However, given time and free access 
to other, privately held documents, a more efficient historian 
would probably find much more information. JAneCdotal accounts 
or erosion published in the 20th century will be discussed later. 
4.2.2. Old County Maps 
All the pre-Ordnance Survey maps of Haddingtonshire and 
Berwickshire held by the National Library of Scotland and Scottish 
Record Office were carefully scrutinised for indications of soil 
erosion, such as names of physical features or the representation 
of gullies. The oldest of these maps dates back to 1654 (Table 4.1)' 
Table 4.1 	Details of County Maps covering the study area 
before 1854 
Author/Source 	Year Title 	 Scale (approx) 
John and Cornelius 	County map of 
Blaeu 	1654 	 Haddingtonshire c.1:105,600 
J. Adair 	 1735 County map of 
Haddington shire c.1:52,800  
A & M Armstrong 	1771 County map of 
Haddingtonshire c.1:53,630 
1773 County map of 
Berwickshire 	c.1:63,360 
William Forrest 	1799 County map of 
Haddingtonshire c.1:31,680 
Thompson's Atlas 1822 County map of 
Haddingtonshire c.1:63,360 
Sharp, Greenwood 1825 County map of 
c.l:63,360 
& Fowl r 	
Berwickshire 
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Although these maps depict many details such as dwellings 
and streams, they are not very useful for indicating past soil 
erosion occurrence. The scales are small and little attention has 
been given to depicting physical landscape features. Even the 
1:31,680 (c.2" : 1 mile) map by Forrest (1799), shows no trace 
of any name or feature associated with erosion. 
4.2.3 Old Manuscript Estate Plans 
The search and examination of old large-scale manuscript 
estate plans was restricted in scope and range and was largely 
carried out in the search rooms of West Register House, Edinburgh. 
Most of the collections of documents deposited in the Scottish 
Record Office include maps and plans. These are stored and catalogued 
as a separate series, known as the Register House Plans (RHP), 
forming an extensive and varied collection consisting mainly of 
manuscript plans with some engraved, lithographed and printed 
maps, including some marked Ordnance Survey maps. 
The nucleus of the Register House Plans collection came from 
the records of the Court of Session, mostly plans produced in evidence 
in cases such as the division of commonties and land boundary disputes. 
To this core has been added a vast number of plans from diverse 
sources, especially from private owners, Scottish based government 
departments, Sheriff courts, and other bodies. Estate plans, for 
all parts of Scotland, bulk largely in the collection. A few early 
plans exist, but the majority of the plans are post-1740. Professional 
229 
surveying and cartography came late to Scotland and was 
concomitant with the agricultural improvements of the 18th 
century. Improving landowners employed surveyors to draw 
their estates showing both the old runrig system of farming 
and the modern field systems. These estate plans may be 
huge or tiny in both scale and actual size and may portray 
whole estates, farms or just individual fields. Often they 
show acreages, field patterns, crop types, land use, and place 
names of physical features. 
Unfortunately because they entered the Scottish Record 
Office in no logical order, the Register House Plans are listed 
in a running reference system. Each plan is given a 
chronological "RHP" number and a description which locates is 
topographically. The lists describing the plans are bound into 
volumes, each covering about 1,200 plans. These volumes are 
available in the National Library of Scotland's map rooms and in 
the Scottish Record Office's West Search Rooms. A small 
proportion of the accessions has been described and catalogued 
by Adams (1966, 1970, 1974). 
The search in West Register House revealed more than 20 
detailed large-scale manuscript estate plans relating to parts of 
the study area, (tabled in appendix 4.1). Many of these plans 
refer to localities where severe, active-looking erosion forms 
had been identified by the survey work described in Chapter 3. 
It was therefore interesting to see if any of these erosion 
phenomena could be discerned on the old manuscript plans and maps. 
Many of the manuscript maps examined revealed no traces 
of erosion whatsoever. None of the 14 maps marked with an 
asterisk in appendix 4.1 depict topographic detail very well. 
They are crude maps, mostly showing hill form by grey-wash, and 
with none of the hillside features annotated or named, apart 
from hill summits. The absence of erosion features on such plans 
does not imply the absence of erosion on the ground. 
However, several of the other old estate manuscript maps 
do provide some Limited information concerning erosion occurrence 
in the Laininermuirs in the 18th and 19th centuries. These maps 
are discussed below in chronological order. 
Perhaps surprisingly, one of the most informative estate 
plans is also the oldest. Thomas Winter's (1753) 1:3,600 scale 
survey of the extensive Blackcastle Estate provides a remarkably 
accurate and precise large scale plan of the uplands around 
Wester and Easter Aikengall (NT7171). The map is finely detailed 
and very comprehensively annotated with details of the nature 
of the vegetation, land use, and even soil characteristics of the 
various stretches of moorland and fields. It also shows the 
precise form and location of many major and minor topographic 
features such as gullies and scars. This is because so many of 
the traditional march-lines (property boundaries) run across the 
moorlands between the heads of such featuers, especially gullies. 
A good example of this is shown on the part of the plan showing 
Needle Hill (NT705710). Minor gullies are also depicted in detail 
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on Weatherlaw Hill (NT715708) and in Coldbu.rn Clewch (NT713713). 
Unfortunately, the map does not indicate the state of many of 
these small gullies and scars. 
However, there is some evidence regarding the state of 
the steep sides galls on West Steel (NT695695). Winter's 
map shows Sheep-path Glen as completely wooded below Rough 
Grain (NT692704) and Linghope Clewch (NT700690) as 'waste 
ground'. Moreover, these galls are annotated and shown to 
be filled with gravel and shingle. Other annotations remark 
that there were problems occasioned by the shifting course of 
streams, especially in Burnup Clewch where the property 
boundaries were defined by water course which migrated across 
the extensive deposits of shingle and gravel there. 
In comparison, George Buchanon's (1819) 1:7,900 plans 
of the cominonty of Oldhamstocks do not show nearly so much 
topographic detail as Winter's earlier map. Buchanon's maps 
only use brushed hachures to depict the form of the upland 
and marginal lands. Nevertheless the plans are well annotated 
and some of the remarks indicate the occurrence of erosion. 
For example, there is a note that Crow Cleugh (NT718687) had 
'very steep braes and severe sears all along its length'. 
Arguments about march-lines with adjacent estates required 
Buchanon to map and name several smaller gully features, for 
example Redsdale Slack. 
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* In trying to interpret the limited findings of the search 
of old manuscript estate plans, it might be wise to recall the 
words of Patrick Fraser Tytler (historian of Scotland, 1819). He 
pointed out that "to write.., without authentic documents, or 
without fully going into their matter when you possess them, is 
worse than not to write at all." In view of the limited number, 
restricted quality and geographical scope of the manuscripts 
examined, it is difficult to add further meaningful comment regarding 
erosion trends in the Lammermuirs before the 1850's. 
4.2.4 Ordnance Survey Maps 
Another possible source of information regarding the age 
and trends of large scale erosion features in the Lammermuirs 
are the sequences of 1:10,560 Ordnance Survey maps produced from 
1854. Surveys and revisions of these maps are tabled, (Table. 4.2). 
The sequences of 1:10,560 Ordnance Survey coverages are 
not quite so straightforward as they appear in Table 4.2 There 
are several important limitations in the scope of individual 
surveys which reduce the value of the map sequences for determination 
of regional erosion trends. It is essential to be aware of these 
shotcomings before attempting to compare the sequences, and this 
requires a thorough knowledge of the standing orders given to each 
set of map surveyors and revisors. 
Table 4.2 Summary of Ordnance Survey large-scale work 
+ 
in South-east Scotland 
East Lothian Berwickshire scale 
Original Survey : 1853-4 1855-7 1:10,560 
re-survey : 1892-3 1896-8 1:10,560 
full revision : 1906-8 1905-6 1:10,560 
partial revision : 1938* 1938* 1:10,560 
partial revision : 1952-3 1952-3 1:10,560 
Notes + After Parry :1976) and O.S. (pers. comms., 1976) 
* Part of County only (not uplands). 
The early instructions concerning hill sketching and detail 
revision given in the Ordnance Survey's early manuals are 
surprisingly vague regarding the manner in which topographic features 
should be mapped. For example, the manual of 1875 (H.M.S.O. 1875) 
only instructs that steep slopes of more than 0.6.m height should be 
mapped using either the horizontal line technique (for slopes less 
than 45) or draughtsman's tadpole symbols (for slopes greater than 
45). The more recent instructions regarding upland detail are also 
vague (E.M.S.0. 1956). Consequently, all of the 1:10,560 scale maps 
are severely restricted in the scope of the erosion-related forms 
depicted. Only topographically distinct features such as incised 
gullies and large scars may be represented using the conventional 
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signs, and of course there is no indication of the state of 
these phenomena. Moreover, sizes and shapes of features such 
as large gullies may well have been adjusted to facilitate the 
engraving of the production plates. 
In addition to these general limitations, there are 
additional problems associated with individual surveys and 
revisions. Some of the full revisions did not include hill 
detail. For example, in 1902 the instructions indicated that 
the (1908) map revision should be carried out on 1:10,560 scale 
plates, but only topographic detail revision which would affect 
the production of the 1:63,360 scale maps was to be shown on the 
1:10,560 scale documents and plans (Colonel Day, in H.M.S.O., 1902). 
Consequently, changes in gully and scar occurrence and sizes were 
not surveyed for the 1908 map series, so that comparison of 
the 1892 and 1908 maps fails to register any erosion form initiation 
or enlargements which might have occurred in the interim. 
Another important limitation arises from the 1902 Ordnance 
Survey policy of obliterating some details from the old 1892 series 
for the purpose of standardising the new 1908 series and to "minimise 
the excessive use of hachures and draughtsmans tadpoles" (HMSO, 1902). 
Later revisions were based largely upon the 1908 series topographic 
detail survey, and it seems likely that subsequent maps only copied 
hill detail from the 1908 series and failed to depict any changes in 
the distribution or extent of features such as gullies or scars 
(HMSO, 1952, 1956). 
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Some of the difficulties and restrictions of using the 
Ordnance Survey map sequences for trend determinations can be 
best demonstrated by reference to specific sites. Fig. 4A shows 
an extract of part of Sheet 19 from the 1854 1:10,560 county map 
series which covers the Hope Hills area south of West Hopes Farm. 
Fig. 4B shows the 1892 maps of the same area, and Fig. 4C shows 
the 1908 map. 
Comparison of these maps reveals differences in the numbers 
and shapes of the large gully forms. For example, there is no 
indication of a gully at the head of East Shearnie Cleugh on the 
1854 map, but a gully is mapped there on the 1895, 1908 and subsequent 
maps. There are no changes in the engraving of this gully and it 
appears that it has not been properly re-surveyed since 1895. The 
absence of the gully from the 1854 map does not necessarily imply 
that it did not exist at that time. One may only safely determine 
that a gully form was noted at that site as early as 1895, although 
its state at that time is not indicated. Long Grain has a large gully 
form depicted on all of the 1 :10,560 map series, which back-dates 
this gully to 1854 at least. There is no gully depicted at the head 
of the Fall Burn on the 1854 map, but a large gully is shown on the 
1895 and all subsequent maps. The gully known today as Red Scar 
(NT567627) is not shown on the 1854 map, is clearly depicted on the 
1892 map, but is not shown on any later editions. This may be a 
result of the 1902 policy of removing excessive map detail. It is 
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whilst leaving other smaller gullies. One possible explanation 
is that the gully became vegetated between 1892 and 1908, but there 
is no firm evidence to support this. It does seem likely, however, 
that most features depicted on the 1908 map were bare at the time 
of the survey. 
Many of the names of features depicted on the various 1:10,560 
Ordnance Survey maps describe a bare appearance. Red Scars, Redden 
Grains, and ---'s Scars are found all over these map sheets, suggesting 
that the sites are relatively well-established and may have been sites 
of erosion at some period in the past. However, since the standing 
orders for naming such sites clearly require that traditional and 
extant names bu used and not invented, this does not necessarily 
imply a bare appearance at the time of the Ordnance Survey work 
(111450, 1875, 1902; 1952, 1956, 1961; Ordnance Survey, pers. comms., 1976). 
Only limited information concerning post-1854 erosion trends can 
be obtained from comparison of the different series of 1:10,560 
Ordnance Survey maps. However, this does at least provide some 
information regarding the age of the gullies and scars identified 
and discussed in the preceeding chapter. For example, gullies next 
to the Whiteadder Reservoir were mapped on the 1892 maps. All of the 
big gully complexes around Oldhainstocks are shown on the earliest 
Ordnance Survey series, indicating that they were in existence before 
1854. This cross-checks with the evidence derived from the manuscript 
estate plans of this area. Unfortunately, it is not really possible 
to firmly pre-date erosion features using the Ordnance Survey maps alone. 
The overall impression is that a high proportion of the 
gullies and scars occurring there today were already in existence 
before 1892, and most were extant before 1854. However, it is 
difficult to determine further regional erosion trends from these 
maps without making assumptions unsupported at this stage by firm 
evidence. 
4.3 Remote Sensing Imagery 
Several different kinds of remote sensing imagery are 
available for determining erosion trends within extensive areas 
by desk study methods. These include sequential aerial photography, 
colour infra-red aerial photography and satellite imagery, which are 
briefly discussed and evaluated below. 
Sequential aerial photography 
The preceeding chapter has already described how indications 
of the nature and extent of certain types and states of erosion 
phenomena can be interpreted, mapped and quantified using aerial 
photography. If photographs of an area taken in different years 
are available, it is sometimes also possible to introduce a dynamic 
dimension into the study of erosion trends. 
Sequential aerial photography also permits the study of 
vegetation cover changes through time. 
This technique has been widely used abroad to determine both 
erosion trends and vegetation cover changes. Bryant (1971) used 
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sequentialaerial photography to investigate erosion severity 
trends and changes in vegetal cover patterns in the Snowy Mountains, 
Australia. From panchromatic aerial photography flown in 1944, 1951, 
1961 and 1970 he noted discernible cover changes with time and also 
monitored erosion trends (Saintilan, 1972). Jones and Keech (1966) 
and Keech (1969) have described the comparison of sequential aerial 
photographs as a means of determining regional erosion trends and 
individual gully erosion changes in various parts of Rhodesia. 
Thomas has carried out similar investigations in Kenya (Thomas, 1974). 
Richter (1962) and Aguilar and Piest (1969) have shown how sequent 
aerial photography may be employed to recognize and monitor incipient 
water erosion. In Czechoslovakia, Stehlick (1967) has recorded and 
measured the development of rills and other erosion phenomena on 
agricultural land using sequential aerial photographs flown from 
a specially designed radio-controlled model aeroplane. 
In upland England and Scotland, sequential aerial photography 
has been employed by a small number of researchers trying to 
determine erosion rates at specific sites rather than extensive 
regional trends. Hawkes (1974), used aerial photography to 
investigate recreational erosion trends on Ilkley Moor, Yorkshire. 
He was able to monitor changes in footpath alignment and width, and 
the overall incidence of erosion phenomena by measuring changes of 
form shown in the images recorded in different years. In a very 
similar study, Coleman (1977) used similar techniques to assess 
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footpath erosion trends in the Peak District and Lake District. 
Bower (1960, 1961) also used this method to trace the development 
and trends of blanket peat erosion phenomena on Bleakiow, Derby- 
shire. In upland Scotland, Fairbairn (1967) used sequent panchromatic 
aerial photographs to suggest recent erosion trends in part of 
the River Findhorn Valley. Comparison of 1948 and 1965 photography 
demonstrated the increase in frequency and overall extent of erosion 
phenomena in this area and also monitored the growth of individual 
gullies. 
Although several different authors have used sequential 
aerial photography to determine erosion and other trends in Britain, 
they have often failed to stress that there are several distinct 
limitations associated with this form of evidence which may affect 
the interpretation of certain results. Clearly, it is necessary 
to obtain adequate aerial photographic sequences (Arnoldus, 1974; 
Saintilan, 1972). However, this is not always possible. Even those 
areas in the United Kingdom which are considered as having a fairly 
good sequential photographic coverage may only have a few sorties 
suitable for accurate and precise comparisons. Moreover, since aerial 
photography is a relatively recent technological development, most 
aerial photographic coverages only date back to the 1930's and 1940's, 
severely limiting the scope of the periods which can be investigated 
with this evidence (Bush and Collins, 1974). Even for studies of recent 
erosion trends, up-to-date photographic sorties may be hard to obtain 
and may have to be commissioned at considerable cost (St. Joseph, 1977). 
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A further limitation is that the interpretation of an 
aerial photograph is largely dependent upon the interpreter's 
own ground experience (see Chapter 3). Some workers have suggested 
that erosion trends may be determined from sequent aerial photographs 
by inexperienced operators and without groundchecking (e.g. Keech, 
1969), but it is the author's opinion that erosion trends can 
only be accurately determined and evaluated from aerial photographs 
by workers who appreciate ground conditions and who are also fully 
conscious of the problems inherent in aerial photo-interpretation. 
It is not possible to measure directly the results of all 
erosion processes from aerial photographic sequences. The preceeding 
chapter has already outlined some of the problems encountered when 
soil erosion is assessed by interpretation of photographs. These 
problems include "detectability" and "measureab1enes" (Arnoldus, 1974). 
The various processes of erosion can be grouped according to these 
two criteria 
processes which are readily 
detectable 
(1) DETETAB ILITY* 
bank erosion, 
gully erosion, 
severe nil erosion, 
severe sheet erosion 
(soil decapitated). 
processes which are only 




severe nil erosic 
and wind erosion 
processes which are possible 
to measure + .............. 
(2) MEASUREABLENESS processes which are impossible 
to measure + ................ 







n.b. * Provided that vegetation does not obstruct a clear view 
of the ground and that the photograph scale and base/height 
ratio are large enough. 
+ either on one set of aerial photographs or on sequences 
of photographs. 
The first of ;these groupings shows the difficulties generally 
encountered in qualitative assessments of the presence or absence 
of soil erosion processes using aerial photo-interpretation. The 
second grouping shows the impossibility of making a quantitative 
assessment of several types of erosion process. This has implications 
for both erosion mapping and erosion trend determinations using 
aerial photography, and means that the findings of aerial photographic 
trend assessments are limited in scope. Only the trends of certain 
types of erosion process can be examined on a qualitative regional 
basis, and only the rates of specific kinds of erosion process can 
be estimated or measured with confidence using sequential aerial 
photographs. 
In spite of the limitations outlined above, sequential aerial 
photography can obviously be employed to good advantage in some areas. 
Where suitable sets of photographs are available, it is especially 
useful for providing a fairly quick regional perspective of the 
trends of certain kinds of erosion (Keech, 1969). This ability to 
adopt a synoptic view of a region is a marked advantage which 
historical evidence, maps and other kinds of evidence cannot match. 
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False Colour Infra-Red Aerial Photography 
We are so accustomed to living in the visible part of the 
electromagnetic spectrum (0.4 - 0.7 microns) that we may be inclined 
to overlook the potential of the far greater range of wavelengths 
at either end of this spectrum. However, the photographic infra-
red band (0.7 - 0.9 microns) is now receiving much attention in 
world-wide soil conservation research work (Saintilan, 1972; Kodak, 
1972; Todderdell and Nebauer, 1973; Dames and Moore, 1974; Cole and 
Jones, 1974; Good, 1974; Emery, 1975a, 1975b). 
The high reflectance of infra-red wavelengths from living 
green vegetation enables aerial surveys of vegetal cover to be 
carried out more efficiently if false colour infra-red sensitized 
films are used instead of panchromatic or normal colour films. 
Whereas normal colour film has a 3 - layer emulsion sensitized 
to blue, green and red, infra-red colour film is sensitized to 
green, red and infra-red. Blue wavelengths are stopped by a yellow 
filter during photography, with the overall result that in positive 
transparency strongly infra-red reflective surfaces appear red, red 
colours appear green and green surfaces appear blue (Kodak, 1972). 
One of the results of this is the enhancement of the differences 
between vegetated, semi-vegetated, and bare ground on a false 
colour image (Totterdell and Nebauer, 1973). Often panchromatic 
and normal colour photographic images and even the naked eye may 
fail to distinguish clearly between areas with a high proportion 
of groundcover and those with relatively little vegetal cover. The 
increased near-infra-red reflectance of living plants (Fritz, 1969), 
is extremely valuable for infra-red photo-interpretation and helps 
detect minute vegetation occurrences on aerial and ground-based 
photographs which may be valuable in the interpretation of recent 
changes in vegetal status. An incidental advantage of false 
colour infra-red photography is that the filter used allows 
the penetration of haze, which is particularly valuable for 
small scale photo-interpretations. 
Totterdell and Nebauer (1973), have recently discussed 
the significant advantages attached to using normal colour 
and false colour photography in place of panchromatic photography 
for mapping erosion occurrence and erosion trends. It is much 
easier to determine some erosion trends and changes in vegetal 
cover using sequences of colour photography, provided the quality 
and scale is adequate for comparisons. Hack (1962) and Mintzer 
(1968) advocated the use of false colour infra-red film only 
for aerial surveys of land form, drainage system and vegetal 
cover, and suggested that normal colour aerial film was better 
for erosion mapping, gully shape and size studies and soil survey 
work. 
False colour infra-red photography may also be used in a 
new and unique way to determine erosion trends. Recent research 
by c.S.I.R.O and the Soil Conservation Service of New South Wales 
in the Snowy Mountains had indicated exciting new possiblities in 
the use of airborne infra-red photography and imagery. Using 70mm 
film from a light aircraft at scales between 1:4,000 and 1:8,000, 
marked success has been achieved in determining recent soil erosion 
trends from the interpretation of single infra-red photographs. 
False colour prints have also been used in this way to discriminate 
between active and non-active edges of bare ground and to identify 
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recent plant recolonisation and regeneration in bare and semi-
vegetated patches (Saintilan, 1972; Emery, 1975b). This approach 
has been successfully applied to identify recent erosion severity 
changes and vegetation pattern changes in areas of snowgrass and 
Crasped-kz, (Totterdell and Nebauer, 1973). 
Satellite imagery 
Several authors working on soil conservation and erosion 
projects in the United States, Australia, Kenya, Rhodesia and 
elsewhere have attempted to use satellite and other forms of 
small-scale remote sensing imagery to determine some recent 
erosion trends and vegetation changes. For example, Good (1974), 
successfully determined erosion trends following wildfires 
in KosciiEko National Park in New South Wales using sequential 
satellite imagery. Keech (1974a, 1974b) has used ERTS - 1 remote 
sensing information to assess large scale gully erosion trends 
in parts of Rhodesia, and has also suggested that this kind of 
approach might be valuable in the study of erosion trends in parts 
of Britain. 
Emery (1975a) and Rango (1977), however, have concluded 
that at present there are some fundamental shortcomings in the 
erosion-observing capabilities of existing spacecraft remote 
sensing systems which severly limit the usefulness of these 
programmes for erosion investigations. One important limitation 
is that many sites where erosion occurs are below the lower limits 
of spatial resolution of the multispectral scanning devices 
incorporated into systems such as LANDSAT (formerly termed ERTS) 
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and EROS. This effectively limits the minimum size of features 
which can be identified to approximately 90 m x 90 m. Thus, even 
if the imagery produced by LANDSAT and other systems are photographically 
enlarged to a scale of 1:100,000 it is still too small for most 
erosion mapping requirements. Moreover, under certain conditions 
of land use, such as cultivation, areas which are eroded have an 
albedo similar to that of the adjacent land use. This produces 
interpretation problems. Additional problems are caused by dense 
cloud frequently covering certain areas, especially the British 
Isles. 
The Earth Observatory Satellite (EOS) series presently being 
considered for the next decade will probably improve the possiblities 
of determining erosion trends from satellite remote sensing sources. 
EOS will have the same sampling frequency and types of sensors 
as the LANDSAT series, but the spatial resolution capability 
will be greatly improved to less than 10 m x 10 m over most areas 
(Rango, 1977). 
Attempts to determine some. recent erosion trends from 
remote sensing imagery. 
It was not feasible to use either airborne false colour 
infra-red colour photography or satellite remote sensing information 
to determine recent erosion trends in the study area. No suitable 
infra-red photographic coverage of the Lainmermuirs exists and 
costs precluded the commissioning of a special sortie for this 
study. Satellite remote sensing imagery of South-east Scotland 
was deemed inpracticable for several reasons. The limited amount 
of available imagery is restricted by very small scale, poor 
spatial resolution and extensive cloud coverage, making it 
quite inappropriate for determining erosion trends of features 
such as gullies. However, contemporary satellite imagery may be 
useful for future regional erosion reconnaissance and erosion 
trend assessments elsewhere in upland Scotland, where erosion 
may be more severe and more extensive. 
Unlike the satellite and false colour imagery, the 
sequential panchromatic aerial photography coverage of the 
study area is relatively good and freely available. The 
following section outlines an appraisal of the extent to which 
this photography meets the requirements for erosion trend 
determinations. 
4.3.1 Appraisal of the suitability of the available photography 
for erosion trend determinations. 
Requirements for the aerial photographic interpretation and 
survey of some of the various erosion phenomena occurring in the 
Laxnmermuirs are fully described in the preceeding chapter 
(3.2.2. et. seq.). By and large, determination of erosion trends 
from aerial photography requires sequences of photographs which meet 
these earlier prerequisites. This implies good quality prints with 
large scales and large base height ratios (Arnoldus, 1974). 
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Hover, for some purposes, such as qualitiative gully trend 
determinations, the standard of sequential photography needed 
may not be quite so high as that required for the survey of 
small scale phenomena (Rapp, 1977). 
A search in the Central Register of Air Photography of 
Scotland in the Scottish Development Department, Edinburgh, 
revealed that the study area has a good mosaic coverage of 
sequential aerial photographs dating back to 1946. Most of 
these coverages have already been mentioned in Chapter 3. A 
cover diagram is shown in Fig. 4-D and some additional sortie 
specifications are tabled, (appendix 4.2) 
The extensive duplicate and triplicate coverages of Royal 
Air Force 1:10,000 scale photographs are ratherlimited in their 
overall quality and may only be used to determine the regional 
erosion trends of fairly large erosion forms such as gullies, 
scars, fans and large patches of scree and bare ground. The 
poor quality and seasonal differences in the photography make 
it difficult to assess changes of vegetal cover through time, and 
problems of tilt preclude the use of these photographs for precise 
measurements of erosion changes at individual sites. 
The restricted coverage of 1:7,500 Ordnance Survey photography 
may only be compared with the inferior quality Royal Air Force 
photography to detect some pre-1965 changes in the distribution and 
extent of certain large-scale erosion features. The Ordnance Survey 
photography can also be compared with the high quality 1:3,000 
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photography which was taken in 1969 over a small area around Easter 
Aikengall, (Fig. 4-D). This permits both a synoptic view of erosion 
trends and a more detailed, precise and accurate comparison of 
individual site changes in this particular area. 
In addition to the vertical and split-vertical aerial 
photographs mentioned above, there are a small number of-'low-level 
oblique aerial photographs of hill forest on the NW-facing slopes 
of the Immermuirs, taken by St. Joseph in 1969 and these may be 
compared with repeated views taken by the author in 1976 during 
an aerial reconnaissance flight. The location of the sequential 
oblique coverages is indicated in Fig. 4-D. 
4.3.2 Initial comparisons of R.A.F. sequential photography 
to determine some erosion trends between 1946 and 1950 
It would have been interesting to use all the available 
aerial photographic sequences to determine a complete record of 
regional erosion trends in the study area. However, limited 
facilities and time ruled this out, and it was possible to 
study only specific periods and particular parts of the Lammermuirs. 
Since there was some doubt regarding the nature and magnitude 
of the regional erosion trends in the study area it was decided 
to examine first of all one relatively large part of the area in toto 
during a period which included a highly erosive event; the severe 
rainstorm and flooding of 12th August, 1948, mentioned in section 
2.5.3. The part of the Lammermuirs selected for this initial regional 
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trend study is indicated in Fig. 4-D. It is a 20 Kin x 2.5 Kin 
strip of uplands stretching from east to west, falling within the 
southern halves of the Ordnance Survey sheets NT56SW, NT56SE, NT66SW 
and NT66SE. This area includes many of the sites mentioned by planners 
as examples of serious active gullying. It therefore represents a 
part of the study area which one might reasonably expect to have 
exhibited some erosion changes in response to an extreme event like 
the August, 1948 flood. It also covers some sites where detailed 
ground-based studies had been initiated by the author at the outset 
of the study, and where post-war erosion trends suggested by sequent 
aerial photography might be corroborated by interviews with local 
residents. Moreover, the results could also be considered in the 
light of the erosion trends determined from the Ordnance Survey map 
sequences discussed in 4.2.4 above. The selection of this particular 
area also permitted the use of several sets of Royal Air Force 
duplicate sorties to help minimise any effects of seasonality on the 
photo-interpretation and comparison of photographic sequences (Evans, 
l974b). 
The determination of some erosion trends in the 50 Km  pilot 
study area was made using the selection of 1:10,000 Royal Air Froce 
sorties indicated in appendix 4.2. First, every relevant print in 
each sortie was carefully examined and erosion forms depicted on 
the photography were identified and ringed with chinagraph pencil to 
facilitate relocation. This procedure has already been described 
in the preceeding chapter. Whë.n all the sorties were marked up in 
this way, a careful check was carried o.utto see if there were any 
marked seasonal differences which might affect the comparison of 
the photographic sequences. Seasonal differences were not considered 
to be a problem. 
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Fig. Li.-D Location of the 50 Km  Pilot Study Area used to determine erosion changes from 1946 to 1950. 	 to 
The comparison of the different year's photography was 
then carried out by systematically viewing sequential pairs 
of photographs under high and low power magnification using a 
Huger and Watts SB180 stereoscope (Huger and Watts, 1966). It 
is important to note that determination of erosion trends from 
sequent aerial photographs was carried out in two stages to 
ensure that neither the initiation of new erosion forms nor 
the disappearance of erosion forms with time were overlooked. 
First, the erosion phenomena depicted on the older images were 
systematically compared with the relevant sites on the more recent 
imagery, and a note taken of any changes in state, shape or size 
of each feature. Secondly, each erosion form shown on the more 
recent imagery was considered and checks made to see whether or 
not it appeared on the older imagery. If no significant changes 
could be discerned, the individual erosion feature was mapped 
onto an overlay or the appropriate 1:10,560 Ordnance Survey map, 
in the manner described in the preceeding chapter (3.3.3), and 
annotated with the letters 'N.C.' (no changes). Where discernible 
changes had occurred at a site, the sequential photography was 
compared using a Zeiss Aero Sketchmaster (Zeiss, 1965) which 
optically compensated for tilt and scale differences. Any change 
at a site was then indicated and plotted onto the map overlay with 
suitable annotation. 
The examination of the aerial photographic sequences from 
1946 to 1950 was also used to note any signs of land-management 
changes which might be detectable from aerial photography, such 
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as afforestation, tree-fellings, drain cutting, or ploughing-up 
of hill grazings. A note of any such changes was also recorded 
on the overlay maps, so these changes could be related to any 
observed erosion trends. 
4.3.2.1 Results of initial comparisons of 1946 - 1950 R.A.F. 
photography 
Comparison of the 1946 and 1948 photography revealed no 
significant changes in the nature, extent or distribution of 
erosion forms occurring in the 50 1m 2 pilot study strip. However, 
comparison of the July 1948 and June 1949 photography revealed 
some remarkable changes which are possibly indicative of the 
erosive effects of the 12th August, 1948 floods and which seem 
to corroborate Learmonth's (1950) account of the erosion 
caused by this catastrophic event. Some of the changes observed 
from the sequential photography are described below. 
(A) Alluvial debris fans and ribbons 
A considerable number of new alluvial debris features were 
produced between July 1948 and June 1949. These fans and ribbons 
were left in the valley bottoms and along stream courses, and are 
especially frequent below the numerous active-looking gullies 
depicted on the photographs covering the western part of the pilot 
study area. 
Numerous alluvial fans were formed within the Laniner Law 
and Hope Hills areas. For example, a large (c. 100 x 20 m) fan 
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was left downstream of the Lammerloch Dam, (NT501623). One 
fan was left just above the reservoir, while several smaller 
dumps of material were left in the haughs upstream, (NT533624). 
Two large fans, (c. 250 m long) were also deposited below the 
active gullies at NT526627 on Threep Law. More debris was 
left by ribbons formed on the slopes below a bend in a hill 
track at NT535622. 
The streams feeding the Hopes Reservoir were also affected 
by excessive debris deposition. Below the active gully complexes 
of Redden Grain and White Sled one large ribbon some 200 m x 50 m 
was left leading into the reservoir itself. Similarly tongues of 
alluvium over 150 m x 20 m were left next to the shore of the 
reservoir by the stream draining Wester Shearnie Cleugh (NT549618). 
Ribbons of alluvium were also dumped in the haughs of Long Cleugh 
(NT533612, NT536610) and below the active gullies on Heathéry 
Rig (NT502610). A number of other new fans and ribbons (.0 m x 10 m) 
were left along the haughs of the Lamb Burn, downstream of a freshly 
enlarged gully feature (NT593621). The areas below Hopes Dam were 
also affected by alluvium deposition. 
One of the most spectacular fans of fresh material occurred 
on the level ground at the foot of the steep Fall Burn at West Hopes 
(NT558626). This was more than 400 m long and was 20 m wide in 
some places. Several other fans were dumped upstream by the Fall 
Burn, one of which choked a water board sluice structure (NT561240). 
Another deposited a considerable amount of fresh debris on top of an 
older, stable fan at the foot of the Fall gully complex (NT564620). 
Other fresh fans were observed near this site. One particular fan 
from an enlarged drain occupied more than 200 m 2 . 
Several fans were deposited along the Faseny Water's flood-
plain, particularly around the Faseny Bridge (NT628621). Ribbons 
of debris also occurred higher upstream in the Well Burn (NT683614) 
and below a recently felled plantation on the Boontree Burn 
(NT685611). However, the most extensive fresh deposits of water-
borne debris occurred in the Whiteadder Water's floodplain near 
Cranhaws between NT693619 and NT697605. Here continuous ribbons 
of alluvium some 1,500 m long and more than 20 m wide were left 
on either side of the floodplain. These covered parts of farm 
tracks and the road. 
(B) Gullies 
Changes in the number and extent of active and stable gullies 
occurring in the 50 Km 2  area investigated could also be detected 
by the comparison of the 1946, 1948, 1949 and 1950 aerial photography. 
There were no significant changes in the number or extent of either 
stable or active gullies in this area between 1946 and July, 1948. 
Between July, 1948 and June, 1949 the extent and number of all of the 
numerous stable gullies and most of the active-looking gullies remained 
much the same as in 1946. However, other active gully forms were 
enlarged and two fresh gullies were initiated between July 1948, and June, 
1949. Both of these new gullies were relatively small. One occurred 
on the flanks of Willies Law (NT566604) on the southern edge of the 
Hope Hills. The other new gully was initiated by drain enlargement 
on the steep slopes of Herds Hill (NT617631), above the Faseny Water. 
Apart from this, only 2 additional cases of drain incision were noted 
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between July, 1948 and June, 1949. An incised drain on Hare 
Cleugh Rig (NT624610) was extended and deepended, together 
with another drain on Herds Hill near the fresh gully 
mentioned above. 
Drain concentrated runoff also appears to have been 
involved in the enlargement and re-activation of several 
gullies which were extant before 1946 and which experienced 
some definite enlargement between July, 1948 and June, 1949. 
For example, the eastern side of the Easter Shearnie Cleugh 
Gully (NT554615) exhibited several metres of headward extension 
along the line of a drain and its area was increased by up 
to 10% by the addition of a fresh tributary gully. This seems 
to have been initiated by runoff concentrated by adjacent moorland 
drains and fed along a drain into the larger gully complex. The 
fresh branch gully was more than 10 m wide, 30 m long and several 
metres deep and was probably responsible for the production of much 
of the lobes of fresh alluvial debris which were deposited on the 
haughs of the lower Shearnie Cleugh. Similarly, the upper part of 
the Fall Gully (NT565618) seems to have been re-activated by 
concentrations of runoff in the herringbone drainage ditches 
focussing into this gully. A smaller active gully on the hillside 
next to Sheil Burn (NT565618) was enlarged by more than 10%. This 
also seems to be a case of headward extension caused by storm runoff 
concentrated in moorland drains. 
(C) Scars and landslides 
The area contained numerous active scars or slumps in 
1946. It is difficult to. distinguish between scars and slumps 
on the Royal Air Force photography, but it is clear that these 
features changed little in their state or extent up to July 
1948. However, some definite changes can be determined from 
July 1948 to June 1949. 
Several new active scars seems to have been initiated 
on the edges of some of the wider valley floodplains and also on 
the steep banks next to some burns in steep and narrow valleys. 
For example, a large new scar was initiated at the edge of the 
haughs just below the Stobshiel Reservoir embankment, (NT501623). 
Three smaller scars were also initiated on the haughs of the 
Sting Bank Burn, near to the point where this stream enters 
Hopes Reservoir, (NT541623). On the southern flanks of the Hope 
Hills, one particularly large scar or slump was initiated on 
the riverside bluffs next to the Dye Water Burn below Willie's 
Law, (NT570600). Here a moorland drian led water across a steep 
slope undercut by a river bend. The scar was estimated to be more 
than 40 m long at its base and possibly more than 10 m high. 
Another smaller scar was initiated sligitly upstream at NT567604, 
but-this did not appear to be associated with any drainage schemes. 
In the eastern part of the strip investigated, at least 12 
large fresh scars or slumps were initiated on the slopes at the 
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edge of the haughs of the Whiteadder Water, south of Cranshaws. 
Some of these fresh features appeared to be more than 40 m wide 
at their base, and it seems likely that these are directly 
attributable to the 1948 flood. In some places these eroded 
farm tracks and even parts of the main road from Duns to Cranshaws; 
particularly the stion of the road next to the rer at 
Smiddyhill, (NT698611). 
The 1948 floodwater appears to have been responsible for 
the partial enlargement and rejuvenation of numerous existing 
bare scars in the steep narrow tributary valleys and at the 
margins of the flood plains. For example, several extant bare 
scars were slightly enlarged and eroded along the courses of the 
Faseny Water (NT631620), Black Grain (NT575624), Dead Grain. 
(NT593616), Wolf Cleugh (NT595627) and Rotten Cleugh (NT662605). 
Larger scars along the Whiteadder Water were also enlarged to 
a small degree. 
At West Hopes, some incipient scars seem to have been 
slightly enlarged and rejuvenated by the water which dumped large 
amounts of alluvium on the adjacent haughs, (NT556627). A 
considerable amount of enlargement occurred at large scars on 
Shearnie Cleugh, (NT549617), 	• 	: 	Cowie Burn (NT509615), 
and Lammerlaw Burn, (NT522612). The enlargement of a large scar 
below Lainmerloch Reservoir appears to have caused some damage 
to water board structures (NT501623). 
No active scars or slumps seemed to disappear or stabilize 
between 1946 and 1950. Several scars did not appear to be significantly 
changed, including some of the bare scars on the bluffs adjacent to 
the haughs at West Hopes, (NT556627). 
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(D) Patches of bare ground and erosion pavement 
The comparison of aerial photographic sequences showed 
that bare ground patches which might be associated with sheet 
erosion had improved gradually in some areas and deteriorated 
in others. 
For example, a large 	patch of bare ground occurred 
on the southern Flanks of Little Says Law (NT593609) in 1946 
and this was covered with active-looking animal trails and 
excavations, particularly rabbit holes. This was almost 
completely revegetated by 1950. Similar patches of bare ground 
on moorland slopes gradually improved between 1946 and 1949 on 
parts of Meikel Says Law (NT581613), Kilipallet Heights (NT611604) 
and Mainslaughter Law (NT661603). 
However, in parts of other areas fresh patches of bare ground 
were initiated on the moorland slopes. For example, on Meikie 
Says Law (NT579611) the head of the Wester Black Burn was bared 
between 1946 and July 1949, possibly by burning and animals. These 
patches were enlarged by nearly 50% between July, 1948 and June, 
1949, and maintained subsequently. Burning of the moorland slopes 
leading into the Fall Burn (NT565620) above West Hopes probably 
led to the initiation of a fresh patch of erosion pavement some 
50 m long and 20 m wide next to the Fall gully, sometime between 
July 1948 and June, 1949. 
Numerous parts of Lammer Law suffered increases in the 
extent of patches of bare ground and erosion pavement from 1946 
to 1950. In many instances enlargement of bare ground appeared to 
be associated with the peresence of concentrations of animal 
trails, camps and excavations, (NT525614; NT502617; NT516609; 
NT519609). However, the largest observed erosion pavement 
increase determined between 1946 and 1950 was on Herds Hill 
(NT616624, NT618623). Here some mechanism gradually enlarged 
an area of approximately 1,000 m 2 of bare ground to 3,000 m 2 . 
4.3.3 Further comparisons of sequential aerial photography 
In view of the rather limited erosion response discerned 
in the 50 
Km  pilot study area between 1946 and 1950 and the 
difficulty of borrowing further prints from the Scottish Development 
Department, it was decided not to carry out a full-scale examination 
and comparison of the sequential photographic coverages of the 
Laimnermuirs. However, other sample comparisons were made to provide 
indications of additional erosion trends for other parts of the 
Lammermuirs during specific time intervals. This was to obtain 
further information which could be used to help complete erosion 
trend histories for particular erosion sites and to help investigate 
trends which might be associated with specific changes in land-use. 
For example, erosion trends in the 50 Km  pilot study area 
between 1949 and 1959 were examined using 1:10,000 Royal Air Force 
sorties flown in May, June, 1949 and October, 1959. Unfortunately 
it was not possible to examine subsequent trends in this area using 
this approach due to a lack of suitable recent photography. Attempts 
to try to estimate the longer-term trends of the gullies occurring 
in the 50 Km  area were made by the judicious comparison of the 1946 
photography with the 1892 Ordnance Survey map coverage. 
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The limited quality and restricted availability of the 
Royal Air Force photography covering the extensive area previously 
mapped using 1:7,500 Ordnance Survey aerial photography (Chapter 3) 
unfortunately prevented a thorough examination of the larger-
scale erosion trends in this area between 1946 and 1965. However, 
it was possible to determine some erosion trehds for selected sites, 
especially for those where ground-based research had been initiated. 
Comparison of oblique sequential aerial photographs was also used 
to help establish some erosion trends and changes in vegetal cover 
on specific parts of hillslopes which were under detailed investigation 
from the ground. 
Attempts were also made to try to estimate long-term erosion 
trends for certain old large-scale gullies and scars by comparing 
their detail on the 1892 Ordnance Survey 1:10,560 maps and the 
1:10,560 mapping produced by the author from 1965 photography. This 
series of comparisons was designed to provide long-term information 
for some of the large gullies mentiondin the historical evidence 
and for gullies where ground based investigations were being carried 
out. 
,Some of the results of these further comparisons are 
summarised below. 
(A) 1892 Ordnance Survey vs. 1946 aerial photos 
Comparison of the 1892 Ordnance Survey mapping with the 
1946 aerial photography of the 50 Km  pilot study area only provided 
very limited information which was restricted by the scope and 
accuracy of the Ordnance Survey mapping detail. Nevertheless, this 
at least indicated that there were relatively few significant 
changes in the distribution, shapes and sizes of the large 
gullies which were already present in this area before 1892, in 
the period between 1892 and 1946. For example, the large gullies 
depicted on the 1892 mapping of the Hope Hills appear to have 
changed little in their shape and size during this 52 year interim. 
Very few new large gullies seem to have occurred between 1892 and 
1946. Most of the large active gullies depicted on the 1946 
aerial photography are also portrayed on the 1892 mapping. 
However, it is not possible to determine erosion trends for the 
smaller features which are found on the 1946 photography. 
1949 - 1959 Royal Air Force photography 
The sequential photography of the pilot study area taken 
in 1949, 1950 and 1959 suggests that there were no significant 
changes in the extent of gullies, scars or landslides between 
1949 and 1959. However, deposits of alluvial debris dumped 
on the valley haughs which were clearly visible on the 1949 
photography were mostly undetectable on the 1959 photographs. 
This seems to be the result of rapid colonisation of these fans 
and ribbons by vegetation and by some reworking of the debris 
by the rivers. At West Hopes farm (IVr558626) this was particularly 
striking. A large fan of debris was swept onto the haughs here 
between July 1948 and June 1949, and this seemed to be completely 
grassed-over by 1959. 
Synoptic comparison of 1892 mapping with 1965 maps: 
Comparison of the larger-scale gullies and scars shown on 
the 1892 Ordnance Survey maps with the mapping produced from the 
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1965 Ordnance Survey aerial photography is naturally subject 
to some severe limitations; the chief limiting factor being 
the accuracy and precision of the mapping of the gully margins 
in 1892. However, working within these constraints it is 
nevertheless possible to determine some major changes in the 
shapes and sizes of the large erosion features which occurred 
between 1892 and 1965. 
Fig. 4-E illustrates some of the large-scale changes 
which appear to have occurred in some large active gullies 
on the flanks of Wester Dod (NT715690), south of Aikengall. 
These gullies represent some of the most dramatic and severe-
looking erosion phenomena to be found in the entire Lammermuirs, 
(Plates 4.1 - 4.IV). Wester Wide Hope, Easter Wide Hope and 
Crow Cleugh are gully complexes lying at the heads of long 
and narrow glacial meltwater channels which are deeply incised 
into the underlying Old Red Sandstone conglomerates. Historical 
evidence has already suggested that these gullies' slopes have 
been bare for several centuries (Section 4.2.3). 
Between 1892 and 1965 there appears to have been some 
enlargement of these gullies which seems to have been associated 
with the initiation of fresh tributary gullies along the lines 
of moorland drains feeding into the steep sides and heads of the 
gullies. A cursory examination of the 1892 and 1965 mapping revealed 
that the changes and pattern of erosion illustrated in Fig.4-E are 
characteristic of the numerous other active gullies occurring through-
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Plate 4.111 Large active-looking continuous gully complexes 
at the head. of Ling Hope, Yonynut Edge (NT7069) 
Continuous gullies are frequent on and around Tonynut Edge 
and appear to be examples of relatively recent accelerated 
soil erosion superimposed upon the erodible side slopes of 
older glacial meltwater channels. Inspection of aerial 
photographs such as this suggests that some of the recent 
erosion is attributable to injudicious cutting of moorland 
drains in herringbone-patterns on and around the steep 
gorves. Over-burning and over-occupancy by sheep may 
also have been involved in the past. 
These gully complexes are some of those which 
old manuscritt estate plans indicate have been in existence 
for centuries. They might even date back to the initial 
forest clearances carried out by the earliest settlers. 
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Plate 4-IV Details of the gullies shown in the utper 
left-hand corner of Plate 4.111 
The scale of these gullies is indicated by the sheep grazing 
in the foreground. Examination of seruential photographs 
may give useful indications of trends in the future. 
For example, Red Scar (NT567627) at Hopes appears to have 
extended its head by more than 20 m between 1892 and 1965. 
Similarly the 3 gullies near Friar's Nose, Whiteadder (NT660630) 
seem to have experienced between 30 and 50 m of headward 
extension during this period. The large scar called Jason's 
Scar (NT574638) increased in size fourfold. 
Small active gullies appear to have been initiated from 
incised moorland drains all over the area examined in the period 
between 1892 and 1965, although it would be unwise to assume 
that these features were not in existence before 1892 just 
because they are not depicted on the map. However, it is possible 
to note that numerous tiny incised drains / gullies which were 
mapped in 1892 were significantly enlarged on the 1965 map. 
For example, one small drain/gully depicted on the 1893 survey 
of Bransly Hill (NT670706) was enlarged more than 15 times to 
some 2,000 m2 by 1965. Similar enlargement seems to have occurred 
elsewhere on Bransly Hill (NT674713), along Ling Hope (NT705694), 
Blackcastle Hill (NT710714), Wester Hartside Edge and on parts of 
Lammer Law in the west. However, other drain-fed gullies and incised 
drains, appeared to remain unchanged during this period. 
The overall impression gained from comparing the 1892 survey 
with the 1965 erosion mapping sheets is that, by and large, the 
large-scale erosion forms only altered slightly in their overall 
ditrthution and extent. The degree of enlargement experienced 
by the extant large-scale gully forms and larger scars was relatively 
limited and nowhere greater in areal extent than in the gullies 
shown in Fig. 4E. Some fesh gullies and scars may have been 
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initiated between 1892 and 1965, and in many instances the 
initiation and enlargement of gullies seems to be associated 
with the presence of hill drains. 
(D) Results from comparison of sequential oblique aerial 
photographs 
The comparison of a number of large-scale sequent oblique 
panchromatic aerial-photographs provided information regarding 
recent trends in erosion occurrence and changes in vegetal 
status for several different kinds of habitats with the 
Lammermuirs. This information was obtained primarily to produce 
a control against which fieldwork techniques might be tested, 
and therefore the results of this work will be discussed in 
a subsequent chapter. 
However, the oblique aerial photograph comparison suggested 
that relatively few major changes in the occurrence of erosion 
forms had occurred between June 1965 and June 1976 at the 
few scattered sites which were covered by the oblique photographs. 
These included the Whiteadder gullies (NT660630), Red Scar at Hopes 
(NT567627), and extensive patches of bare and semi-bare ground on 
Nipper Knowes (NT570635). 
4.3.4 checking and evaluating the aerial photographic trend results 
Whilst the results summarised in 4.3.2.1 and 4.3.3 provide 
valuable indications of certain short-term and longer-term erosion 
trends in extensive parts of the tammermuirs, this information is 
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nevertheless restricted in scope. Most of the results refer 
only to major changes in the extent of big erosion forms such 
as gullies and scars. Moreover, the long intervals between 
some of the surveys and photographic sorties used in these 
investigations make it difficult to relate the observed erosion 
responses to specific events and conditions. This section 
briefly outlines some anecdotal evidence used to check the 
accuracy and precision of the trend determinations and which 
may also help to place the results into a clearer regional 
and temporal perspective. 
Since the most dramatic and significant changes discerned 
from the comparisons of sequential photography occurred between 
July, 1948 and June, 1949, this period will be given primary 
consideration. Learinonth (1950) produced the most detailed 
subjective description and account of the erosion damage which 
occurred in the study area during the 12th August, 1948 floods. 
By and large, this information and other eye witness reports 
corroborate many of the findings summarised in 4.3.2.1 . For 
example, Learmonth (1950) and Scott (1949) describe the dumping 
of lobes of mud, sand, gravel and large boulders by these 
floodwaters. More than 20,000 tonnes of fresh debris was deposited 
on a single haugh alone, which occupied less than 2 ha. There 
are numerous other reports of such damage. The gravel deposition 
caused much distress to many upland farmers, because it covered 
many areas of valuable winter grazings. The deposition of gravel 
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and shingle 	was most serious and widespread in the hill 
foot areas in the northern Laimnermuirs (Learmonth, 1950). Here, 
bulldozers quickly cleared away thousands of cubic metres of fresh 
gravel and boulders to enable pastures to be re-established and 
crops to be sown on the valuable haughs. Some boulders weighed 
more than 5 tonnes each and were piled up several metres thick. 
Although the sequential photography failed to detect any 
signs of arable soil losses between July, 1948 and June, 1949, there 
is some evidence to suggest that the floods of 12th August, 1948 
caused considerable soil losses on arable land in some parts of 
the Lammermuirs (Learmonth, 1950). It is difficult to ascertain 
the overall extend or significance of this soil loss from Learmonth's 
reports alone. However, the sea was stained red with the Old Red 
Sandstone soils for more than 3 Km out for several days following 
the release of flood waters from the swollen streams and rivers 
draining arable lands. This emphasizes the restricted scope of the 
present study's results, particularly regarding arable erosion 
phenomena. 
Learmonth (1950). quoted eye witness reports of spectacular, 
extensive and severe sheetwash on some steep moorland slopes in 
the Lammermuirs. Some large patches of moorland experienced 
several centimetres depth of wash for periods up to several hours, 
especially on Bushel Hill, Cockburn Law and Herd's all. This 
corroborates some of the sheet erosion trends monitored on Herd's 
Hill using sequential aerial photography. Learmonth's descriptions 
also substantiate the results concerning scar and slump 
initiation during the 12th August, 1948 floods. He used the 
case of the initiation of a large scar below the dam at 
Stobshiel Reservoir to illustrate the severity of the fresh 
landslides. This is the scar mentioned in 4.3.2.1 to illustrate 
an extreme case of fresh slumping. 
Learmonth (1950) also described the formation and 
rejuvenation of several gullies throughout the Lammermuirs 
during the 1948 floods, but was vague regarding their overall 
extent and distribution. However, he confirmed that runoff 
was concentrated by herringbone-patterned drain systems on 
the moorlands and was involved in gully initiation and aggravation. 
This seems to have been particularly widespread in areas where 
drains had recently been cut, for example in the Green Hopes 
Burn, where Learmonth described drain-induced erosion and land-
slides. Drains also appear to have been involved in the 
initiation of fresh gullies on arable lands during the 1948 
floods. 
Contemporary accounts of the 1948 floods not only help to 
cross-check the accuracy and precision of the aerial-photo studies 
but also explain some possible causes and mechanisms of the 
changes detected by the present study. The sequential aerial 
photography failed to discern signs of arable sheet erosion, but 
it is not clear whether the small areas of arable land included 
in the areas studied actually experienced serious soil losses. 
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It is clear,: however, that the results regarding the erosion 
trends of gullies, severe sheet erosion, landslides, and 
scars do provide an accurate and fairly precise synoptic 
impression of the major erosion responses attributable to 
the floods of 12th August, 1948. A possible exception to 
this is the initiation of a small number of landslides during 
a severe snowstorm in 1947 (Learmonth, 1950). 
4.4 Discussion of findings 
It is evident from the results presented in this chapter 
that the determination of erosion trends by desk study methods 
becomes more difficult as one goes further back in time. The 
evidence of historical documents and maps suggests that erosion 
was occurring in the area before the 18th Century, but does 
not provide much information concerning its nature or extent. 
Nineteenth century manuscript estate plans provide more detailed 
information, but this really only gives scattered impressions 
of the nature and extent of certain kinds of erosion phenomena 
in the LammermuirS and cannot produce a comprehensive, synoptic 
view of either the extent or changes in the occurrence of erosion 
in the study area before 1854. Nevertheless, it does suggest that 
certain kinds of erosion forms were numerous and long-established 
in some parts of the study area. This is useful in the pre-dating 
of some of the phenomena which are referred to in more modern 
descriptions and which are shown on later maps. 
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Examination of Ordnance Survey mapping sequences 
suggested that many of the larger gullies and scars found 
in the study area today are at least 120 years old, and 
some are possibly very much older. Comparison with the 
author's 1965 erosion form survey also suggests that very 
few dramatic changes have occurred in the overall extent 
or distribution of large scale gullies or scars betwen 1892 
and 1965. 
Nevertheless, some significant changes were detected 
in the extent of erosion forms following the floods of 
12th August, 1948. However, these were relatively minor 
when viewed in a regional perspective. They included a 
limited amount of enlargement of pre-existing gullies and 
scars and the initiation of a relatively small number of 
fresh gullies and scars, none of which were particularly 
extensive in comparison with the surrounding erosion phenomena. 
A limited amount of fresh sheet erosion and some limited 
aggravation and extension of sheet-erosion phenomena was 
also detected. 
The most notable changes attributable to the 12th August, 
1948 floods were probably the fresh deposits of water-borne 
debris which were dumped in parts of the floodplains of certain 
valleys. Most of this deposition appears to have been the 
result of movement of debris in the channels of the streams 
draining active gullies and scars, but it should be noted that 
only a small percentage of the active gullies and scars occurring 
276 
277 
in the Lammermuirs seem to have been involved. 
Few other significant changes in the regional extent 
of erosion forms were noted for the post- 1949 period. 
The erosion changes detected between July 1948 and 
June 1949 are quite significant results because they provide 
a fairly symoptic impression of the response of the study 
area's habitats and various forms of land-use to an extremely 
erosive rainfall and flooding event. The floods of the 12th 
August, 1948 probably represent and event with a recurrence 
interval of more than 200 years (Lothians River Purification 
Board, 1967; Biswas and Fleming, 1966), and one would expect 
such a severe event to have a most dramatic erosion response 
if the contemporary land-use throughout the Laimnermuirs was 
failing to meet the minimum requirements for conserving the 
soil. However, on the basis of the evidence presented in this 
chapter, this does not appear to have been the case. 
Very few signs of changes in land-use could be discerned 
from the comparisons of sequent aerial photography, with the 
exception of the occasional felling and planting of woodlands. 
It is interesting to note that there seemed to be no significant 
differences in the ways which newly felled, newly planted and 
existing woodlands responded to the August 12th, 1948 floods. 
Learmonth (1950) also noted this in his more subjective appraisal 
of the erosion damage caused by the 1948 floods, and actually 
commented upon the way in which tree-covered river banks sometimes 
suffered more damage than felled banks because trees were ripped 
out of the ground by the water currents. 
By and large, therefore, it seems that many of the uplands 
and marginal lands in the Lammerlauirs did not experience 
significant erosion as a result of the 1 in 200 + year flood 
in 1948. It is not possible to ascertain the degree to which 
the moorlands were subjected to mild sheet erosion, but it 
seems very unlikely that this exceeded that of the arable fields 
which was reported in detail by Learmonth (1950). The implication 
of this work is that the erosion forms occurring today in the 
Lainmermuirs are chiefly relicts of past erosion occurrences 
which may not be eroding significantly, even under the kind of 
catastrophic erosive event which occurred in August, 1948. 
Learmonth's (1950) subjective descriptions and accounts 
suggest that the erosion response to the August 12th, 1948 floods 
was extensive and widespread throughout the Lammermuirs. He 
refers to the erosion of scars and gullies as symptoms of land-
misuse leading to accelerated soil erosion. However, the results 
of a synoptic aerial photograph comparison suggest that the total 
upland erosion caused by the 12th August, 1948 floods was far 
less severe and extensive than suggested by earlier reports. 
However, it is clear that fresh gullies and scars were 
initiated largely by the runoff concentrated by herringbone moorland 
drainage schemes in certain parts of the area, and these do appear 
to represent accelerated soil erosion occurrence. Nevertheless, 
only a very tiny percentage of the overall study area was affected 
in this way and many freshly cut drains were apparently unaffected. 
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Drains were also closely associated with the extension of the 
heads and sides of various existing gullies, but again only 
increased the total extent of active erosion forms by a fraction. 
Learmonth (1950) suggested that the flooding of many 
streams and rivers was largely aggravated by upland drainage 
schemes, so that the drains may have indirectly caused erosion 
and deposition in the areas downstream. However, if this were 
true, relatively little fresh erosion was actually initiated 
by the 1948 floods, considering the magnitude and extent of the 
floods and the overall size of the study area. 
Some of the gullies in the Lammermuirs are obviously 
very old but exhibit the same patterns of erosion as the ones 
initiated in 1948. Geikie (1901) described the erosion of upland 
moorland drains leading to gully formation in parts of Scotland 
during the 19th century, and it seems feasible that at least some 
of the older gullies may have originated in this manner, possibly 
during high magnitude floods, such as recorded in 1358 (Fordun, 1775) 
and 1846 (Learmonth, 1950). Certainly in Edinburgh, a very active 
looking gully on Arthur's Seat was initiated by drain runoff during 
a violent cloudburst in August 1774 (Huxley and Pratt, 1966), and 
has remained bare and active-looking ever since. 
Considering the length of time that some of the erosion forms 
seem to have existed, one cannot rule out the possibility that they 
originated under a land use regime quite different from that 
prevailing in and around such sites today. At the same time, 
however, recent gully, scar, landslide and sheet erosion 
recruitments do suggest that most of the erosion forms in the 
Lammermuirs could have been initiated under conditions closely 
similar to those experienced in the past four decades, but 
perhaps only during times of highly-erosive-.-events. 
Ledger et. al. (1974) concluded from their reservoir 
sedimentation studies at the Hopes Reservoir (N'T550620) that 
no significant sedimentation had occurred since 1935. However, 
examination of sequential aerial photographs suggests that there 
have been some significant debris movements towards this reservoir 
along the streams draining the numerous active-looking gullies 
and scars in the surrounding uplands. This movement occurred 
between July, 1948 and June, 1949, and is attributable to 
the 12th August, 1948 floods. This emphasizes the limitation of 
using reservoir sedimentation investigations for assessing upstream 
erosion trends and highlights the advantage of using several 
different kinds of evidence to cross-check results. The hazard 
which such debris movement poses to the Hopes Reservoir is unclear, 
but it does not seem to be great. However, the erosion and 
deposition damage which occurred at the nearby Stobshiel and 
Lammerloch Reservoirs in August, 1948 also seemed minor on 
the aerial photographs but cost several thousands of pounds to 
repair (Area Water Engineer, pers. comms., 1975). 
It is interesting to compare the impression of recent erosion 
trends in the Lammeruirs with those of other workers in similar 
upland environments. For example, Fairbairn (1967) used historical 
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documents, local knowledge and the comparison of sequential 
aerial photographs to determine some erosion trends in the 
River Findhorfl Valley. He concluded that the Drynachon region 
of the River Findhorn had suffered a "dangerous increase of 
gully erosion in recent decades", and recommended that 
preventative measures should be adopted to prevent the loss 
of hundreds of hectares of ground and millions of cubic metres 
of soil by gullying. However, Fairbairn only bases his 
conclusions upon the examination of a relatively small area 
where numerous gullies and scars occurred, and this may not 
really represent the surrounding area as a whole. It is 
clear, nevertheless, that erosion forms have become three 
times more extensive in the Drynachon area since 1903, with 
several new gullies (sich as theTirgrean gully), being 
initiated since the 1920's. This gully appears to have been 
initiated and maintained by storm runoff concentrated by 
drains, and shows many similarities with some of the gullies 
examined in the Lammermuirs. However, whilst the mechanism 
and manner of action of the erosion described by Fairbairn 
(1967) is analogous with erosion in the Lammermuirs, the 
recent regional trends appear to be quite different, and this 
may be explained by differences in management. Fairbairn 
attributes some of his gully recruitment to the widespread 
cutting of fresh drains. and culverts in the past 30 years, 
whereas relatively few such drainage schemes have been carried 
out in the Lammermuirs during this period. The differences 
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may also be partly explained by variations in the magnitude 
and frequency of erosive events occurring in the two areas 
(Wolman and Miller, 1960; Piest, 1963, 1965). 
The results of the present investigation suggests that 
some of the larger gullies occurring in the Lammermuirs are at 
least several centuries old, and may well be of even greater 
antiquity. Cundill (1976) investigated the age of some very 
similar gullies in the Howgill Fells, which is an area of 
uplands closely analogous with the Lammermuirs. Cundill's pollen 
analysis and soil stratigraphy studies indicated that the 
initiation of large gully complexes on the steep hillsides of 
the Carlingill Valley occurred at the time of early woodland 
clearances more than 1,000 years ago. There is a striking 
similarity between the patterns of erosion and the distribution 
of gullies around hill forts in the 'HOwgills and the 
Lainmermuirs, and it may be tentatively suggested that some of 
the gullies in the Lammerinuirs may have originated at the 
time of early Neolithic forest clearance. 
It may not be pure coincidence that the gully erosion 
phenomena found in many parts of the Lammermuirs, Howgills and 
on Levisham Moor are often adjacent to old hill forts. Curtis 
(1965) has shown that severe erosion occurred on Levisham Moor 
in the vicinity of the hill forts at the time this area was 
first cleared by Neolithic peoples. The first phase of this 
ancient erosion appears to have involved deforestation and burning 
and subsequent sheetwash erosion. This was followed by a more 
active phase of ancient erosion when gullying occurred around 
the hill forts. The first phases of erosion were succeeded 
by more stable conditions which were followed by a second phase 
of erosion which began less than 100 years ago. Curtis observed 
that the present areas of erosion are reinforced by the presence 
of ancient earthworks and new phases of gullying have occurred 
in old gullies. Atherden (1976) and Tinsley (1976) have also 
produced palynological information which indicates that Iron 
Age and Romano-British cultures had a far greater impact on the 
vegetation and soils of upland Britain than is generally realised. 
The subsequent impact of Cistercian monks has also been emphasised 
by Tinsley (1976). Clearly, however, an absolute chronology is 
required before one may assume that any of the gullies found 
in the Lammermuirs are the same age and genesis as those 




INVESTIGATIONS OF SOME ASSOCIATIONS BETWEEN EROSION 
OCCURRENCE AND SELECTED PHYSICAL AND ECOLOGICAL FACTORS 
Introduction 
The two preceeding chapters have shown how simple survey 
and desk studies can provide general impressions of the regional 
extent and historical trends of erosion phenomena in the Lammermuirs. 
To enhance this perspective, the distribution of erosion occurrence 
was examined to determine whether it was associated with factors 
such as geology, soil type, vegetation and land use. The first 
section of this chapter repoztson a series of desk studies exploring 
such associations by numerical analysis of erosion inventory 
information. The second section considers erosion causes indicated 
by interpretation of aerial photographs. 
5.1 Associations suggested by numerical analysis of erosion inventory 
data 
One way to study complex interrelationships between erosion occurrenc 
and environmental factors is to analyse a numerical matrix recording 
details of selected physical and ecological variables for many erosion 
sites. Much of the material needed to produce such a matrix has already 
been described in Chapter 3. However, the erosion inventory information 
outlined therein did not incorporate details of environmental factors 
such as soil parent material, nature of the surrounding habitat, 
Character of the slope upon which the erosion phenomena occurred, 
or land use. It needed to be augmented to permit an analysis of 
possible associations between such factors and erosion occurrence. 
Therefore, information concerning the soil, topography, vegetation 
and land use for each of the erosion forms surveyed from the 1965 
aerial photography was systematically extracted from appropriate 
maps and remote sensing sources, and incorporated into the original 
erosion inventory data matrix. The techniques used to extract this 
information are detailed in Appendix 5.1. 
Since the new matrix comprised a wide range of information 
relating to a large number of cases it might have been possible to 
analyse it using a multivariate procedure such as factor analysis. 
This proved impracticable because many of the data were non-parametric 
and autocorrelated. Moreover, there were few cases within specific 
categories of erosion form and state, even when the. entire set of 
phenomena identified on the 1965 aerial photography was used as a 
sample. However, the matrix was amenable to simple bivariate analysis 
and results are presented under a series of sub-sections. The first of 
these considers the distribution of erosion phenomena among the different 
soil types and associations in the Lammermuirs. The second examines 
associations with different habitat categories. Further sub-sections 
consider associations with upland drains, aspect and proximity to water 
courses. 
5.1.1 Association with soil categories 
In Chapter 1 it was noted that the nature of the soil itself 
is an important factor influencing resistance to erosional stresses. 
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and that the type of stress is partly determined by the nature of 
the slope if water is the active agent. The study area has a range 
of soils occurring on various forms of slope developed on several 
different types of parent material. 
The data matrix was initially analysed to produce a series 
of tables similar to that shown in Table 5.1 showing the frequency 
and areal extent of various types and states of erosion phenomena, 
cross-tabulated by soil association (parent material) and soil 
type (topography). Table 5.1 shows the most cases of active sheet 
phenomena occurred on the soils of the Ettrick and Lauder 
Associations, particularly the Linhope, Dod, Minchxnoor, and Lauder 
soil series. Some cases were also found on the skeletal soil 
of the Ettrick Association (ERz series), the Priestlaw, Yarrow, 
and li-inerwick series and on the alluvium and mixed bottom land 
soil categories. 	Table 5.2 shows the proportion of the survey 
area covered by various soil categories, derived from precise 
measurements of large scale soil mapping sheets held by the 
Macaulay Institute, Edinburgh. The figures shown have confidence 
limits of 1% at the 95% level. Taking into account these variations 
in the geographical extent of the different soil categories, there 
appear marked concentrations of active sheet erosion occurrences on 
specific combinations of soil associations and soil types. More 
than 12% of the total area covered by active sheet erosion forms 
is associated with the ERz series, which occupies less than 0.1% of 
the survey area. Similarly, the Linhope series only :covers 22% of 
the survey area yet is linked with half the total area occupied 
by these phenomena, and 37% of their total frequency. Chi-squared 
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TABLE 5.1, 	DISTRIBUTION OF ACTIVE SHEET EROSION FORMS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
BROWN FOREST PODZOLS GLEYS PEATY GLEYS COMPLEX SKELETAL 
SOILS  
(DRAINAGE) FREE IMPERFECI FREE IMPERFECT  POOR POOR V. POOR Row total 
ETTRICK 65 1 26 30 2 ____ ____ ____ 
4 128 
_____ 28.0 _____ 0 _____ &.O _____ 3.5 _____ 0.2 _____ 7.0 
LAUDER 26 3 
.  2 31 
_ 3.9 0.3 0 
PRIESTLAW 1 
0.1 . . 
YARROW 




ECKFORD ____ ____ ____ . ____ . 0 
INNERWICK 2 2 
0.7 	 . 
103 	1 	29 	30 	4 	0 	0 	 0 
OTHER SOIL ALLUVIUM 	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT HILL PEAT 
CATEGORIES 	0.3 	' 	 0.0 







TABLE 5.2 	Percentage of Survey Area Occupied by different Soils. 
- figures expressed as % of 19,599 ha. The figures in parentheses indicate the percentage of SE Scotland 
occupied by the same soil categories (given in Ragg & Futty, 1967). 
SOIL TYPE. 
BROWN FOREST SOILS PODZOLS CALC. + PEATY GLEYS SOIL SKELETAL 
NON-CALC. COMPLEXES SOILS 
GLEYS 
ASSOCIATION FREE IMPERFECT FREE IMPERFECT POOR POOR VERY POOR 
ETTRICK LINHOPE KEDSLIE MINCHMOOR DOD ETTRICK HARDLEE (ER 	) C (ER Z 
21.2 (16.3) 
FLEMINGTON 
54.6. (35.8) (0.6) 2.3 	(3.4) 7.9 	(4.8) 16.8 (6.3) 2.6 (1.9) 3.5 	(1.3) 
0.2 	(1.0) 0.1 	(0.1) 
LAUDER LAUDER SPOTT LANGTONLEES EWELAIRS LYLESTONE WAKENWAY . (LA Z  
21.9 	(8.9) 9.0 	(4.5) 2.1 	(0.9) 7.0 	(1.4) 1.4 	(0.6) 1.3 	(1.0) 1.1 (0.5) 
PRIESTLAW PRIESTLAW MUNGO 
0.8 	(1.1) 0.7 	(0.9) 0.1 	(0.1) 
Z(01) 
YARROW YARROW (Yk) 




2.0 2.0  
TOTAL = 100% 	(TOTAL) = (72.6%) 
ALLUVIUM PEAT-ALLUVIUM COMPLEX MIXED BOTTOM LAND PEAT HILL PEAT 





tes show that the preferential distributions of the frequencies 
of these erosion features on the freely drained Linhope, Yarrow 
and ERz series are significant at the 95% level. Active sheet 
forms are sparse amongst gleys, peats and soil complexes developed 
on poorly drained sites. 
The erosion inventory also recorded 1 ha of old, stable 
erosion pavement, all of which was found on the Linhope series. 
Three hectares of 'semi-stable' sheet features were also noted on 
this series, together with 1 ha on the Minchmoor soil series. 
Appendix 5.2 presents tables showing the numbers and areal 
extent of other types and states of erosion phenomena. Each 
table was subjected to the same type of simple association analysis 
applied to Table 5.1 above. The results are summarized in Table 5.3 
and Table 5.4. Table 5.3 shows that examples of different types of 
erosion phenomena may be found on a wide range of soil categories. 
However, Table 5.4 indicates that significant (95% level) preferential 
concentrations of specific types of erosion phenomena only occur 
on particular combinations of parent materials and topographies. 
The results show that most gullies are found on the brown forest 
soils, podzols, gleys and peaty gleys of the Ettrick and Lauder 
Associations. Some gullies also occur on mixed bottom land, alluvium, 
hill-peat and on the Innerwick and Yarrow series. This general 
distribution is common to stable and active gullies alike. There is 
a significant preferential distribution of gullies on the freely drained 
brown forest soils and podzols, particularly those within the Lauder 
Association, and a relative paucity of gullies on the Priestlaw, Eckford 
and limerwick series and on hill-peat. This distribution is interesting 
Table 5.3 	General indication of the presence or absence of specific kinds of erosion phenomena on particular 
soil categories 
Key to erosion forms 
S = Sheet G = Gully F = Fan D = Overdeepened Drain Sl = Scar/Slump R = Rubbings C = Camps and Trails 
Rv = Riverbank X = Manmade W = Rabbit 
SOIL TYPE BROWN FOREST SOILS PODZOLS GLEYS PEATY GLEYS 
COMPLEX SKELETAL SOILS 
very 
(drainage) free imperf. free imperf. poor poor poor  
S G F SG SGF SGF SGF G S 
ETTRICK DS1R DS1R DS1R DS1R DS1R .S1R 
ASSOCIATION CRvXW CRy CRvXW CRvXW CRy CRy CRvXW 
S G F G SG G S G F G 
LAUDER DS1R Si DS1R Sl DS1R Si 
ASSOCIATION CRvXW CRy CRvX 
S 
PRIESTLAW Si R 
ASSOCIATION C Rv  
SG  F G 
YARROW Si R 




INNERWICK D Si R 
ASSOCIATION C 	X 
OTHER SOIL 
ALLUVIUM 
S G F 
PEAT-ALLUV. MIXED BOTTOM LAND BASIN PEAT HILL PEAT 
G S G F 
CATEGORIES D 	R D D Si R Si R 
Rv CRvX C 	X 
TABLE 5.4 	Summary of marked preferential concentrations of specific erosion phenomena on certain soil categories 
(Significant at 5 % level ) 
SOIL TYPE BROWN FOREST SOILS PODZOLS GLEYS PEATY GLEYS COMPLEX SKELETAL SOILS 




ETTRICK RABBIT RABBIT RABBIT 
ASSOCIATION RUBS/CAMPS 
MANMADE MANMADE MANMADE 
GULLY GULLY GULLY 
LAUDER FAN DRAIN FAN 	SCAR/SLUMP 
DRAIN DRAIN 










OTHER SOIL. ALLUVIUM PEAT-ALLUV. MIXED BOTTOM LAND BASIN PEAT HILL PEAT 





because, according to Chapter 1, gullying might be expected to occur 
most frequently on poorly drained sites on water collecting slopes. 
Colluvial fans are also chiefly found on the freely drained 
brown forest soils of the Ettrick and Lauder Associations, although 
some are present on the Minchmoor, Dod, Ettrick, Lylestone and 
Yarrow series. There is a significant concentration of fan frequencies 
on the Lauder series, which reflects the concentration of gullies on 
this series. There is a strong similarity between the distributions 
of fans and overdeepened drains. Eroded drains are significantly 
concentrated on the freely drained brown forest soils and gleys of 
the Ettrick and Lauder Associations. 
Most scars and slumps occur on the brown forest soils, podzols, 
gleys and peaty gleys of the Ettrick and Lauder Associations. However, 
numerous scars and slumps are also found on mixed bottom land and 
alluvium, and a few cases exist on the Priestlaw, Yarrow and Innerwick 
series and on hill-peat soils. There is a marked concentration of these 
on the freely drained brown forest soils, gleys and peaty gleys of the 
Lauder Association. 
The figures referring to the distribution of active rabbit erosion 
phenomena are derived from a breakdown of information concerning some 
47 erosion complexes dominated by rabbit forms identified in the survey 
area. These only occur on a limited number of well-drained soil series, 
namely, the ERz, Linhope, Lauder, Dod and Mincbmoor series. There is 
a significant concentration of these erosion features on the Linhope and 
Erz series. Significantly fewer rabbit erosion forms are found on the 
more poorly drained peaty gleys and wetter gleys. Similarly, the active 
animal rubbings identified as separate, discrete erosion phenomena are 
concentrated on the better drained soils of the Ettrick Association. 
23 
Complexes of rubs, camps and trails are also concentrated on the 
Linhope and Lauder series. 
Active riverbank erosion forms are largely concentrated on 
the mixed bottom land and alluvium soil categories which are poorly 
drained and adjacent to stream channels. Examples of active riverbank 
erosion phenomena are also frequently found on the various soils of 
the Ettrick Association. Most eroded engineering features, such as 
pits and road cuttings, are concentrated on freely drained soils, 
particularly the Erz, Linhope and Dod series. 
5.1.1.1 Discussion 
These distributions reveal that examples of every possible 
type of erosion form occur on the Linhope, Minchxnoor and Dod series, 
respectively, and a wide range may also be found on the Ettrick, 
Lylestone, Yarrow and Innerwick series, and on the alluvium and mixed 
bottom land categories. This shows that these soils are susceptible 
to a variety of erosion processes, including erosion by runoff, and 
localized mass movements . 
Strong associations were noted between specific kinds of erosion 
phenomena and particular combinations of parent material and soil type. 
There are significant concentrations of animal-related erosion features 
on freely drained soil types, especially those developed on the Ettrick 
Association, such as the Linhope or Erz series. 
These initial findings are difficult to interpret fully at this 
stage because there appear to be strong correlations between the different 
types of topography, vegetation, and available forms of land use in the 
study area (Harper, 1962; Ragg & Futty, 1967). Consequently, apart from 
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indicating important differences between parent material, slope morphology 
and drainage characteristics, the soil series also reflect major 
differences in vegetation and actual land use. Thus, while it is possible 
to compare and discuss the extent to which different soil series are 
affected by erosion phenomena, it is not possible to attribute these 
differences to specific factors. Fortunately, a number of the more 
extensive soil series associated with erosion phenomena have a diversity 
of habitats occurring on them with similar conditions of slope. Both 
the Linhope and Lauder soil series have juxtaposed areas of arable land 
woodland and pasture on more or less similar upland geomorphological 
upland units. It is therefore possible to investigate the distribution 
of erosion features among a range of different habitats developed on 
similar soil parent materials and soil types. In this way, the influence 
of soil-related factors can be isolated from associations between the 
erosion phenomena and habitat-related factors. The next phase of the 
investigation was therefore to look at the distribution of erosion 
forms among different habitats. 
5.1.2 Associations with different types of habitat 
Before comparing the distribution of erosion phenomena on 
different habitats on specific soil categories, it is necessary to 
look at the relationships between habitat types and soil categories 
in the survey area. Table 5.5 indicates the areas of specific soil 
series occurring under a number of mutually exclusive major habitat 
categories. The soil categories shown are those previously noted 
(section 5.1.1) to be frequently associated with erosion phenomena 
SOIL CATEGORIES WOODLAND & IMPROVED & PERMANENT MOORLAND UPLAND PEAT-MOSS ARABLE TOTAL 
FOREST PASTURE GRASSLAND 
Linhope 300.5 ha 1,001.0 1,301.5 1,251.5 - 300.5 4,155 
(± 6%) ( 	 9%) ( 	 10%) ( 	 10%) ( 	 5%) 
Lauder 235.1 862.4 156.8 333.2 58.8 117.5 1,764 
(± 7%) (± 10%) (± 6%) (t 8%) (i 	4%) (t 	5%) 
Minchmoor - 32.2 999.7 419.2 96.6 - 1,548 
( 	 3%) (:t 10%) ( 	 9%) (:t 	5%) 
Dod - 114.6 1,876.4 1,072.2 229.9 - 3,293 
(t 4%) (t 10%) ( 	 10%) ( 	 6%) 
Langtonlees 204.3 87.5 496.3 554.6 29.2 - 1,372 
(t 10%) (± 7%) ( 	 14%) (t 14%) ( 	 4%) 
Yarrow 105.8 246.9 7.0 14.1 - 155.2 529 
(± 9%) (± 11%) (± 3% (! 	4%) (t 	11%) 
Mixed Bottom Land 165.1 264.3 209.1 220.3 55.0 66.1 980 
(t 8%) (t 9%) (± 8%) (± 9%) (:t 	5%) (± 5%) 
Table 5.5 Areas of selected soil series occurring under six major habitat categories* 
* Note Information sampled from N.C.C. Habitat Survey, 1965 (Vivian Meek, 1975). Areas in hectares 





occurrence. The data have been derived by sampling 1:25,000 habitat 
survey mapping sheets held by the Nature Conservancy Council, Edinburgh. 
These relate to the summer of 1965, as does the survey upon which the 
erosion data matrix was based. Due to the nature of the sampling system 
used, the confidence limits for these figures are fairly wide at the 95% 
level, which limits the scope of subsequent statistical tests. Never-
theless, it is clear that there is a range of habitats on each soil 
category shown in Table 5.5. The Linhope, Lauder and Yarrow series each 
have significant areas under woodland, improved pasture, permanent 
pasture and cultivation in addition to the tracts of moorland and upland 
grassland usually associated with these soils. Similar diversity occurs 
on the Langtonlees series and mixed bottom land. Pôdzols such as the 
Minchmoor and Dod series are largely covered by moorland and upland grass-
land, but these also have some areas of upland peat moss and improved 
pasture. The habitat categories themselves indicate the prevalent land 
uses (e.g. cropping, timber production, grazing), on the different soil 
categories. 
Once the extent of different types of habitat on different soil 
categories had been established, it was possible to look at relationships 
between habitat and the distribution of erosion phenomena occurring on 
specific soil categories. Table 5.6 presents the frequencies of all 
erosion features, cross-tabulated according to soil and habitat categories. 
It shows that most of the erosion phenomena are found on moorland and upland 
grassland habitats developed upon the brown earths and podzols of the 
Ettrick and Lauder Associations. Erosion forms are sparse in woodland and 
permanent pastures, and are virtually absent from arable and peatland 
habitats. Certain combinations of parent material, topography and habitat 
Table b.b 	Numbers oi erosion occurrences, LEJUIeU aueuvuwg LU IIdUILdL cIIIU 

























Linhope 4 33 92 203 0 92 4 12 440 
Kedzlie 5 1 0 5 0 7 0 2 20 
Minchmoor 0 0 88 20 0 0 0 0 108 
Dod 0 6 100 79 0 4 0 0 189 
Ettrick 0 1 5 15 0 8 0 0 29 
Hardlee 0 1 3 9 0 1 0 0 14 
ER 0 3 2 2 0 6 0 2 15 
LAUDER 
ASSOCIATION  
Lauder 10 4 29 182 0 41 0 1 267 
Spott 2 0 0 6 0 0 0 0 8 
Langtonlees 2 0 46 22 1 0 0 0 71 
Ewelairs 0 0 1 1 0 0 0 1 3 
Lylestone 0 3 7 24 0 1 0 3 38 
Wakenway 1 0 3 7 0 0 0 0 11 
Priestlaw 0 0 2 1 0 3 0 0 6 
Yarrow 1 5 1 9 0 13 0 2 31 
Yk 0 0 0 0 0 0 0 1 1 
Eckford 0 0 0 0 C 0 0 0 0 
Innerwick 2 1 0 1 0 4 0 2 10 
Alluvium 0 5 0 21 0 13 0 1 40 
Al Complex 0 1 0 0 0 1 0 1 3 
Mixed Bottom Land 3 2 8 45 0 6 0 1 65 
Hill Peat 0 0 7 2 0 0 0 0 9 
COLUMN TOTAL 30 66 394 654 1 200 4 29 1,378 
% GRAND TOTAL 2.2% 4.8% 28.6% 47.4% 0.1% 14.5% 0.3% 2.1% 100% 
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are associated with erosion occurrence in general. 
The next stage of the investigation was to examine in more 
detail the possibility of associations between specific types and 
states of erosion form and particular combinations of habitat and 
soil categories. Since active gullies and active sheet phenomena* 
appear the most extensive and potentially serious erosion features 
occurring in the Lammermuirs (Chapter 3), it was decided to examine 
their distributions first. 
Table 5.7 presents active gully frequencies on five soil series, 
arranged according to habitat category. These soil series are those 
already identified as being associated with gully phenomena and supporting 
a range of habitats. The gullies included in this table comprise 80% 
of the total number of active gullies identified in the survey area. 
Table 5.8 presents a summary of a two-way analysis of variance test 
carried out on the figures shown in Table 5.7. The F-Ratio for the 
variance explained by differences between the different soils is 0.704. 
Since this does not exceed the critical value of F 25 
of 1.500, the 
null hypothesis, that there is no difference in the distribution of 
active gullies between these soil series, cannot be rejected. The active 
gully distribution does not appear to be directly attributable to 
differences between these soil series. However, the F-Ratio for the 
variance explained by differences between the various habitat categories 
is 6.06, which exceeds the critical F 01 value of 4.77. Thus, the null 
hypothesis that there is no difference between the specified vegetation 
categories is rejected at the 99% level of significance. In this case, 
the use of two-way analysis of variance has isolated soil series 'noise' 
and gives a strong statistical test of how the different habitat categories 
* Footnote 	"Sheet phenomena" refers to bare and semi-bare 
patches of ground, scree and erosion pavement 
which were grouped together under this category 
earlier in section 3.2.1 The term is not used 
to imply the process by which such features 
TABLE 5.7 	Active gully frequencies, arranged according to soil series and habitat categories 
j=l 	2 	 3. 	 4 	. 	5 
VEGETATION Woodland Pasture Moorland Upland Grazihg Arable 











0 1 11 7 0 







0 5 5 21 0 
0 0 12 1 0 
0 0 12 5 0 
0 0 10 1 0 
3.64 = X 




TABLE 5.8 	Two Way Analysis of Variance (ANOVA) for observations given in Table 5.7 
(1) (2) (3) (4) (5) (6) 
Source Variation sum of squares (s.s.) d.f. Variance F RATIO Probability 
Mean Sum of Squai'es MSSr Value for I'1 
MSSu 
Between Soil Series SSr = c(i - 
	
= 48.96 (r-l) = 4 12.24 0.704 p 0.25< 
Between Vegetation Classes SSc = r(j - 
	
= 420.95 (c-i) = 4 105.24 6.06 p 0.01)0.001 
Residual 	(resulting from = 278.08 (r-1)(c-1)= 16 17.38 
chance fluctuation) i=lj=i 
Total 
r 	c =2 
SS jXij - X) 	= 747.99 rc - 1 = 24 
i=lj=l 
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compare. It is concluded that active gullies are preferentially 
Vegetation 
distributed amongst certainategories on the five soil series mentioned. 
The concentration of these features on moorland and upland grassland is 
apparently independent of soil related factors. 
Since the approximate proportions of moorland and upland grassland 
on the various soil series was known (Table 5.5), it was possible to carry 
out more detailed analyses of the occurrence of active gullies on specific 
soil series. However, at the 95% level, the proportions of particular 
soil series occurring under specific types of habitat must be expressed 
using wide confidence limits. This makes it difficult to apply simple 
Chi-square tests to the available data. The use of probability ratios 
helps to overcome this problem. The ratio of observed gully probabilities 
(On. ) to expected gully probabilities (E ) is relatively easy to interpret. 
On the LLnhope series, for example (Table 5.9), moorland habitats have 
somewhere between 40% and 130% more gullies than average. Upland grassland 
habitats have up to 52% more active gullies than average, whilst other 
types of habitat have significantly less. The shaded parts of the 
histogram shown in Fig 5-A indicate the limits of the categories' O. 
ratio values at the 95% level of significance. In this way it can also 
be demonstrated that active gullies are strongly associated with moorlands 
developed on the Minchmoor, Dod, Langtonlees, and mixed bottom land soil 
categories. The Lauder series has a relative paucity of these phenomena 
on moorland habitats, but has a marked abundance on its upland grasslands. 
The relationship between active sheet erosion phenomena in specific 
soil categories and habitat categories is indicated by Table 5.10. This 
shows the distribution of active sheet forms occurring on ten major soil 
categories, arranged according to habitat. A two-way analysis of variance 
iju ; 
Table 5.9 	Confidence limits: Active gullies on Linhope soil series, arranged 










Moorland 11 5.9 ± 0.579 0.313 ± 0.102 1.4 to 2.3 
Upland Grassland 7 5.7 ± 0.368 0.301 ± 0.100 0.92 to 1.52 
Others 1 7.4 ± 0.053 0.385 ± 0.207 0.09 to 0.19 
19 	19 
Note: * includes 95% limits of true percentagesof areas occupied by 
vegetation class. 
OYE ratio 






Fig 5.A 	Graph showing ratio of observed gully frequencies to expected gully 
frequencies on three vegetation types 
(Shaded areas refer to individual 95% confidence limits). 

















Linhope 0 12 19 29 0 5 
Lauder 0 5 2 19 0 0 
Minchmoor 0 - 0 24 2 0 0 
Dod 0 1 16 13 0 0 
Langtonlees 0 0 3 0 0 0 
ER 
z 
0 1 0 2 .0. 1 
Priestlaw 0 1. 0 0 0 0 
Yarrow 0 6 1 2 0 0 
Innerwick 0 0 0 0 0 2 
Mixed Bottom Land 0 0 1 0 0 0 
X. 
3 















on these frequencies (Table 5.11) revealed significant differences 
both between the habitat categories and the soil series. Active sheet 
erosion phenomena appear concentrated on upland grasslands developed 
on the Linhope, Lauder and Dod series, and on moorlands developed on 
the Minchmoor, Dod and Linhope series. Approximately 86% of the total 
occurrence of these phenomena are on these 5 soil series. A further 
two-way analysis of variance on the figures relating to the Linhope, 
Lauder, Minchinoor, Dod and Langtonlees series only, showed significant 
difference between the distribution of active sheet phenomena amongst 
the habitats occurring on these particular series (Table 5.12). If 
the geographical extent of the habitats on specific series is taken 
into account, significant preferential distributions of active sheet 
forms are found on particular types of habitat on specific soils. 
There is a strong concentration of these on the upland grassland 
habitats developed on the Linhope series. 
Analyses of the distribution of other types of erosion phenomena 
such as eroded drains, scars and slumps were carried out using the 
approach and procedures outlined above for gullies and sheet erosion forms. 
These revealed that these erosion features are also significantly concentratE 
on specific combinations of habitat and soil categories. The distribution 
of active animal-related erosion phenomena is similar to that described 
above for sheet erosion features, with concentrations on upland grasslands 
developed on freely drained soils of the Ettrick Association. There is 
also similarity between the distribution of active, overdeepened drains 
and that described above for gullies, with habitat factors outweighing 
soil-related factors in terms of geographical associations. 
So far this sub-section has shown that erosion phenomena in the 
study area have strong associations with specific types of habitat, 












F - Ratio 
(6) 
Probability - value for Ho 
Between Soil Series 626.94 (r-l) = 9 69.66 2.52 p = 0.05>0.01 ** 
Between Vegetation types 493.70 (c-l) = 5 98.74 3.57 p =O.Ol0.00l 	
'f 
Residual 1,243.56 (r-1)(c--1) 	= 45 27.63 
Total 2,364.2 (rc-1) = 59 




F.25 1.34 1.38 
F.10 1.80 1.97 
F.05 2.10 2.42 
F.Ol 2.84 3.46 
F.001 3.87 5.13 
Table 5.11 	ANOVA for data shown in Table 5.10 	 COD 
(1) (2) (3) (4) (5) (6) 
Source Variation d.f. Variance F - Ratio Probability - value for 1-to 
sum of squares Mean Sum of Squares M.S.S. 
(S.S.) (M.S.S.) M.S.S. 0 - 
Between Soil Series SS 	= 331.2 (r-l) = 4 82.8 2.26 p = 0.25 > 0.10 * 
Between Vegetation Classes SS 	
=980.8 (c-l) 	= 4 245 6.56 p = 0.01 > 0.001 
Residual SS 	= 598.0 (r-l)(c-l) 	= 16 37.37 u 
Total SS = 1,910.0 (rc-l) = 24 
F.25 1.50 
F.l0 	2.33 
Some of the Critical values for 










sheet and animal-related erosion phenomena are especially abundant 
on steep, well-drained upland grasland habitats developed on several 
different soil types and parent materials. Similarly, active gullies 
and overdeepened drains are mainly concentrated on steep moorland 
habitats developed upon the podzols and freely drained brown-forest 
soils of the Ettrick and Lauder Associations. It is important to 
recognize that these locations have other characteristics which may 
also have some bearing on erosion occurrence. It is possible that 
their susceptibility to erosion has been affected by upland drainage 
schemes, burning and grazing, all of which are characteristic features 
of man's utilization of the Lammermuirs moorlands. It is difficult 
to extract meaningful numerical information concerning the biotic 
factors of grazing and burning from remote sensing and map sources and 
such information could not therefore by included in the erosion inventory 
data matrix. Details on drainage schemes, aspect and proximity to water 
courses could, however, be included and the results obtained from 
analysis of these data are discussed below. 
5.1.3 Associations between upland drains and gullying 
Table 5.13 presents numbers and areal extents of gullies, sheet 
phenomena, scars and slumps, tabled according to state and the presence 
or absence of drains. This shows that only 4.4% of the total numberf 
scars and s1umpd and only 3.7% of the sheet phenomena are linked with 
drains. However, the proportion of gullies with drains running into 
them is relatively high. More than 58% of all gullies and 70% of 
active gullies have drains feeding into their heads or sides. In fact, 
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0 1 7 0 0 0 
Table 5.13 Occurrence of erosion phenomena, cross-tabulated by state and presence or absence of drains 




Further analysis of the relationship between gullying and 
drainage schemes is presented in Table 5.14, which suggests that 
gullies with drains have a greater proportion of extreme and severe 
cases than those without. To test this hypothesis, the data were 
subjected to a Kolmogorov-Smirnov two sample test. Such tests 
determine whether or not two large independent samples arranged into 
two rows of ordinal scaled categories are drawn from similarly distributed 
populations (Siegel, 1956). The results are detailed in the first 
table shown in Appendix 5.3. The test produced a D-value falling below 
the critical value of D 10 . This means either that gullies with 
drains are not significantly more severe than those without or that 
if:differences in overall severity do exist between gullies with or 
without drainage schemes, these cannot be detected by this form of 
analysis. Perhaps more meaningful results could be obtained by analysing 
data arranged into a greater number of erosion severity classes and by 
analysing data for gullies occurring on specific types of habitat 
and soil categories. Kolmogorov-Smirnov tests were also carried out 
to determine differences between the seventies of active and stable 
gullies with or without drains (Appendix 5.3). The results of these 
tests indicated that there are no significant differences between the 
seventies of active and stable gullies without and with drainage schemes 
attached. Similarly, there are no significant differences between the 
severity of stable gullies with drains and active gullies with drains, 
(Appendix 5.3). However, a Chi-squared test on the general frequencies 
of gullies shown in Table 5.14, detailed in Appendix 5.4, does show 
that gullies with drains have significantly more active cases than those 
without. This difference is significant at the 99.9% level. By comparison, 
scars and slumps with drains have the same proportion of active cases 
as those which do not have drains running into them (Appendix 5.5). 
This supports the view outlined in Chapter 4 that only gully activity 
(STATE) ACTIVE STABLE ? DON'T KNOW SEMI-STABLE 
Ext. Sev. Mod. Mild Ext. Sev. Mod. Mild Ext. Sev. Mod. Mild Ext. Sev. Mod. Mild (SEVERITY CLASS) 
(1) 
Number of Gullies 3 11 18 2 5 25 24 8 0 8 2 3 0 3 2 1 
WITHOUT DRAINS 
(Ha. 	occupied) 2 5 3 0 17 15 4 4 0 5 1 1 0 1 0 2 
(2) 
Number of Gullies 9 33 33 5 4 33 26 0 0 6 1 0 0 3 5 1 
WITH DRAINS 
(Ha. 	occupied) 28 14 3 0 10 21 5 0 0 5 0 0 0 1 1 1 
Table 5.14 	Distribution of gully frequencies and areas into state and severity categories 
0 
is significantly affected by drainage activities. 
5.1.4 Associations between erosion occurrence and aspect 
Tha analysis of simple associations may be extended also to 
include an appraisal of synoptic associations between erosion occurrence 
and aspect. Several authors have mentioned the importance of aspect 
as a potential factor influencing the maintenance of erosion processes 
in upland Britain (Tivy, 1957; Gorrie, 1958; Copeland, 1969; Bell 1970). 
Variations in slope aspect are associated with differences in solar 
insolation and exposure which may affect the magnitude and frequency 
of frost events, rates of snow accumulation and ablation, and other 
micro-meteorological phenomena influencing erosion processes and 
plant growth. In the study area, where there is a marked grain in 
both the solid geology and the physiography, aspect also affects 
structure and shape. 
Information summarizing the relationships between erosion 
forms and slope aspect is presented in Tables 5.15 and 5.16. Large 
numbers of active gullies are concentrated in the sectors facing north-
west, north and north-east. A simple Chi-squared test showed this 
concentration to be significant at the 99.9% level. North-east facing 
active gullies are more extensive than those facing north-west and 
north. There are no major differences between the distribution of 
active and stable gullies among the aspect categories. There is a 
significant concentration of "semi-stable" gully cases on north-east 
facing sloped, but the largest "semi-stable" gullies occur on south-west 
facing slopes. Active overdeepened drains are found in almost every 
aspect category, but there is a significant concentration of cases on 
north and north-east facing slopes. Nevertheless, active overdeepened 
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ThoSe 515 Mothers of erosion Onetomens. vrnoe-taoulitedicvcrdiflztv tee., state end alone aspect 
ASPECT 501.1.510 
SVENOEEPONED 19.1.595 FANS 5800_F RA3057 
81285 £00 	 ELATES 
CAMPS & TRAILS 
SCABS SLUMPS RIVERBAMIB MANMADE 
S tier Active Stable 
tern.. 
Stable 
Active 	St.Ale Semi- 
Stable 
Active 	Stable Active tab1e 	Semi- Active Active 
Active 
Stable  
Active Active Active Active 
9 5 1 C 5 0 
0 1 0 ° 0 0 0 5 S 
SC A 7 1 
11_200 7 0 7 4 0 
3 2 3 5 5 5 S 
21 - 30° 8 4 0 0 2 
7 0 0 0 6 0 0 1 A 2 9 3 
5 1 
31 - AS'  A .0 2 1 3 5 S 




5 & 1 S 6 2 0 3 S 
2 0 c 1 3 S 7 3 6 5 
51— °2 '  1 7 1 .1 2 1 0 1 
0 1 3 
61 	 70 '  3 2 0 0 1 1 0 0 0 6 0 0 3 C 1 7 
4 2 3 
71 	 80'  3 5 1 0 0 5 0 1 0 C 0 0 3 6 1 3 1 3 5 
al 	go*  2 2 0 0 0 0 0 0 0 7 5 0 5 3 0 4 3 2 C 
91 	 1000 5 2 1 1 2 1 5 0 0 3 0 0 5 6 0 10 12 3 2 
101 	 1100 3 6 7 5 1 0 0 1 0 C 0 S 0 1 1 5 5 0 0 
111-120° 3 7 S 1 3 S 0 S 1 3 0 0 S 5 2 A 4 1 0 
121 	 1300 1 S 6 2 0 2 1 S 0 0 6 0 0 5 4 0 2 8 3 0 
130-140° 1  2 0 0 0 1 0 1 1 0 5 0 0 0 1 0 	- 5 5 5 0 
141_150v 2 1 0 0 1 2 0 1 0 6 5 0 4 2 2 1 4 2 0 
2 2 0 s 5 1 3 1 0 7 0 0 1 5 2 6 C 4 2 
161-170° 1 2 5 0 2 2 1 1 0 2 0 S 3 1 1 8 8 S 2 
171-585° 1 1 0 0 1 1 0 0 0 11 0 1 3 1 1 5 3 0 
18l_1900 0 0 0 0 3 1 1 0 0 4 0 0 5 5 2 4 1 2 1 
191-200° 0 1 1 0 S 1 0 0 S 5 0 1 5 5 S 3 1 0 5 
201-210' S 0 1 0 3 0 0 0 0 9 5 1 1 S 0 1 2 0 
211-220° 1 1 0 5 2 0 1 2 0 12 0 2 6 1 1 3 S 5 0 
221-230° 2 1 0 0 1 1 5 0 1 12 0 0 9 6 2 8 1 1 1 
231-240° 0 4 0 1 4 5 0 0 0 11 0 S 4 1 1 5 5 1 3 
745-250° 1 1 0 0 1 0 0 0 0 t 0 0 6 2 3 2 1 2 1 
251-260° 1 3 1 0 5 5 0 0 5 4 5 - 	0 2 5 1 6 3 L C 	 - 
261-270° 0 3 0 0 3 0 0 0 0 2 0 0 1 C 2 3 1 3 5 
271-280° 2 2 1 1 2 5 0 0 0 4 0 0 2 6 1 0 4 2 1 
281-290° 4 1 1 1 3 2 S S S t 0 0 0 3 0 3 5 0 S 
291-300° 1 4 0 5 0 4 0 0 0 3 0 0 1 4 1 7 2 .0 0 
301-310'  5 3 4 1 2 2 0 0 0 4 0 5 0 7 2 6 2 1 1 
311-320° 3 9 S 0 0 4 1 0 2 5 1 1 0 6 1 8 6 5 S 
321-330° 9 5 0 1 1 5 1 1 2 2 0 1 1 6 2 6 7 2 1 
331-340° 6 5 0 1 3 5 0 1 0 2 0 0 1 9 2 11 3 5 2 
341-350° 7 A 0 0 2 3 0 0 1 1 S 5 0 1 1 8 6 0 0 
351-360° 5 2 2 1 4 2 5 0 S 0 1 0 0 3 0 7 5 0 1 
TOTAL 112 122 20 it 75 56 10 20 9 174 2 11 66 134 41 210 142 64 54 
NAvel BeANicArn teen Grid North 
Table 5.15 Numbers of erosion phenomena, cross-tabulated 
according to tyre, state and slope aspect. 
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table 5.16 	Areelevteflt 
ASPECt 




SEE 	 6A38IT ISIS 	AEMAI.-OELATED 
CO1P1000S 
CAIGS & tRAIlS 
SCARS ?E09 M 	.2009A1E 
£308009080 
F0020 
Stable 	 5862.. 	Active 
Stable 




Active Actice ActIve Active ActiVe Active 
Sector 	Active 
	
1.10 	1.03 	0.39 	0.31 
1.28 	12.50 	0.71 	- 
0.10 	- 	 - 
0.21 	0.10 	- 
0.03 	- 
0.22 	0.42 
0.35 	- 	 - 
















11 - 20° 
21 - 30° 6.12 	3.03 	- 	 - 	10.09 
2.00 	0.51 	1.09 	0.431 
0.51 	- - 	 - 1.04 	- 	
- 0.01 0.00 0.17 0.33 0.00 
0.09 0.28 
31 - 40° 
0.09 	- 	 - 0.19 	0.09 0.08 	




50 1.65 	3.86 	0.32 
0.25 	0.06 
 
51- 60° 7.63 	6.70 	- 	 0.471 
0.10 	- 	 0.03 - 0.12 	
- 	 0.00 - 0.09 0.02 0.13 0.31 
0.07 0.38 
71 - 800  0.75 	3.11 	0.75 	- - - 	 - 	
- 0.06 	- 3.04 	- 	 - 0.01 
0.17 3h04 LAS  0.00 0.15 
12.17 
81 - 90° 0.37 	1.38 	- - 	 - 	 - - 	
- 1.39 
 
91 - 100° 4.59 	0.38 	0.32 	0.13 
0.13 	0.04 	- - 	 - 0.28 
 
101 - 1100 0.37 	1.22 	- 	
- 0.04 	- 	 - 0.04 	- 0.02 	
- 	 0.67 
 
Ill - 120° 0.67 	3.35 	- 	 0.12 
0.06 	0.03 	- - 	
- 0.84 	- 	 - 0.02 0.11 0.04 
0.11 0.21 0.02 - 
121 _130° 0.12 	1.62 	1.23 	
- 0.41 	0.01 	- - 0.91 
 
131 - 140° 0.15 	- 	 - 	
- 0.02 	- 	 0.04 0.04 	- 1.14 	- 	 - 
- 0.02 - 0.03. 0.21 0.02 - 
141 - 1500 0.61 	1.11 	- 	
- 0.06 	0.08 	- 0.06 	
- 1.26 	- 	 - 0.50 0.02 0.15 
0.22 0.20 0.04 - 
151 - 160° 0.06 	0.32 	- 	 - 
0.11 	1.34 	- 	 - 
- 	 0.02 	0.08 
0.07 	0.08 	0.02 
0.01 	- 
0.04 	- 
2.17 	- 	 - 















0.04 161 - 1700 
171 - 180° 0.07 	0.70 	
- 0.03 	0.10 	- - 6.13 	
0.78 0.19 0.03 0.01 4.49 
0.57 - 
0.03 
181 - 190° - 	 - 	
- 0.06 	0.02 	0.04 - 	 - 0.62 	- 	
- 0.91 1 	0.08 0.25 0.17 0.12 	1 0.05 
1 	0.04 
191 - 2000 - 	 0.19 	0.50 	- 
- 	 0.06 	- - 	 - 0.15 	
- 	 0.62 0.17 0.10 - 0.39 
0.29 - 
210 - 	 - 	 2.10 	- 1.11 	- - 	
- 1.59 	- 	 0.45 0.01 0.01 
- 0.06 0.09 0.05 - 
201 
- 0.40 	0.80 	- 1.90 	
- 	 0.39 0.51 	- 5.30 	- 	 0.78 
0.2t 0.01 0.06 0.07 - 0.02  - 
0.10 211 - 220° 
221 - 230° 0.22 	0.25 	- 	
- 0.04 	0.19 	- - 	 0.19 5.52 	- 	
- 0.07 0.29 0.11 0.47 0.13 0.05 
231 - 240° - 	 0.89 	- 	 1.61 
0.00 	- 
241 - 250° 0.07 	1.41 	- 	
- 0.01 	- 
251- 2800  0.03 	3.98 	0.20 	- 
- 	 0.07 
 
261- 270° - 	 1.62 	- 	
- 
 
271 - 280' 0.91 	2.29 	0.28 	
0.25 
 
281 - 290° 5.49 	0.07 	
- 	 0.06 
0.30 	2.39 	- 
0.20 	0.06 	- 0.04 	
- 0.61 	- 	 - - 0.10 
 0.24 - - 
291 - 3000 
- 	 0.21 	- - 	 - 0.39 	- 	
- 0.02  
301 - 3100  1.10 	1.67 	3.10 	
0.72 0.06 	0.06 	- - 	
- 0.28 	- 	 - - 0.15 0.28 
0.23 0.00 0.03 0.18 
311 	3200 2.49 	2.78 	- 	 - 
- 	 0.20 	0.03 - 	 0.31 0.81 	0.28 	
0.39 - 0.11 0.02 0.45 0.30 
0.00 - 
- 
321 .330° 5.34 	0.90 	
- 	 0.65 
4.53 	6.81 	- 	 0.67 
1.30 	3.24 	- 	 - 
0.08 	0.39 	0.03 0.06 	0.47 










1.23 	0.15 	- 0.13 	
- 0.45 	- 	 - 0.03 	0.21 0.04 
0.12 0.43 - 
341 - 350° 
0.06 	0.11 	- 
- 	 0.20 0.03 	- 
- 
351 - 360° 1.05 	1.25 	1.05 	
0.03 0.19 	0.11 	- - 	 - 
- 	 0.33 	- 0.04 	






TOTAL(ha) - 53.72 	73.52 	12.10 	
5.49 4.94 	2.78 	0.68 1.58 	1.68 
96.75 	0.61 	40.48 4.00 	
15.43 2.81 	2.30 
886.1 8.atn6s Cr86 Sild 8e0-tb 
Table 5.16 	Areal extent of erosion thenomena (ha), cross- 
tabulated according to type, state and slope aspect. 
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drains on west facing slopes are the most extensive. Stable 
overdeepened drains are largely found on northerly facing slopes. 
Active colluvial fans associated with gullies and drains are found 
on a range of different slope aspects, but as one would expect, 
they are most numerous on north-east facing slopes. Stable fans 
are largely found on northerly facing slopes also. 
Active sheet erosion forms occur in most aspect categories, 
but are largely found on south and south-west facing slopes. Again, 
a simple chi-squared test showed this concentration to be significflt 
at the 99.9% level. Individual clusters of active animal rubbings 
are found on a wide variety of aspects but are particularly numrous 
on north-west facing slopes. Rabbit erosion phenomena, on the other 
hand, are significantly concentrated on south and south-west facing 
slopes, like the sheet erosion forms. Animal camps and trails occur On 
various aspects and appear to be independent of aspect. Active scars 
are found on almost every possible aspect, but are markedly abundant 
on northerly slopes, especially north-east facing ones. This distribution 
contrasts with that of active slumps, which do not show the same degree 
of concentration on north-east facing slopes. Active riverbank erosion 
forms occur on a range of aspects, but are largely found on northerly 
facing banks and slopes. A Chi-squared test showed this preferential 
distribution to be significant at the 99.9% level. Active engineering 
erosion forms, such as eroded pits, are also particularly numerous 
on the east and north-east facing slopes in the study area. 
The possibility of associations between aspect and erosion 
severity was also explored. Table 5.17 summarizes the distribution 
of active gully seventies tabled according to aspect categories and 
shows that south to west facing active gullies are less severe than those 
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Table 5.17 	Active gully numbers, tabled according to severity and aspect clas 
EROSION SEVERITY CLASS 
Extreme 	Severe 	Moderate 	Mild 
ASPECT CATEGORY 
l -10 (north) 0 2 6 1 
II' - 	20 0 2 4 1 
21'- 30' 2 3 3 0 
31'- 40' 0 3 2 1 
41- 50' 0 3 2 0 
5]'- 60' 1 0 1 0 
61'- 70' 1 1 1 0 
71- 80' 0 2 1 0 
81 -90' (east) 0 1 1 0 
91-100' 2 2 2 0 
101'-110' 0 1 2 0 
111 - 120 0 1 1 1 0 
121' -130' 0 1 0 0 
131' -140 0 1 1 0 
141' -150' 1 0 1 0 
151'-160 0 1 1 0 
161' -170' 0 0 1 0 
171' - 180 (south) 0 0 1 0 
181' -190' 0 0 0 0 
191'-200 0 0 0 0 0 
201'-210 0 0 0 0 
211'-220' 0 0 1 0 
221-230 0 I. 1 0 
231' - 240' 0 0 0 0 
241-250 0 0 1 0 
251'-260 0 0 0 1 
261' - 270(west) 0 0 0 0 
271' -280' 0 2 0 0 
281 -290 1 2 0 1 
291'-3Ocf 0 1 0 0 
301-310' 0 3 1 1 
3]i'-320 1 1 1 0 
321' - 330' 0 2 5 1 
331 - 340' 2 1 3 0 
341 -350' 0 2 5 0 
351 - 360' (north) 0 3 2 0 
UE 
on northerly facing slopes. A Kendal coefficient of concordance 
(W) test revealed these differences significant at the 95% level, 
(Appendix 5.6). Similar analysis of the data referring to stable 
gully seventies suggests that stable gully severity is also 
dependent upon aspect. Both active and stable gully seventies 
are greatest on slopes facing north-east, north and north-west 
but the severity of active overdeepened drains appears to be independent 
of aspect. Active sheet erosion phenomena seventies are dependent 
on aspect, with the most severe cases only occurring on south-west 
and south-east facing slopes. Similarly, the most severe active 
rabbit erosion forms are mainly on south-west facing slopes. The - '  
severity of animal trails and camps is independent of aspect, as 
are scars and slumps. 
The distribution of erosion forms in the Lanimermuirs indicated 
so far in this chapter is remarkably analogous with distributions 
of similar erosion phenomena in other parts of the Southern Uplands 
which have been described by other authors. In the Lowther Bills, 
Tivy (1957), observed that gullies, animal rubbings, scars and 
extensive patches of bare ground and scree were concentrated on steep 
(30 plus) slopes with freely drained and imperfectly drained soils 
developed upon drifts derived from Ordovician and Silurian greywackes, 
grits and shales. She also noted that these features were usually 
associated with upland grassland and moorland habitats. Sheet erosion 
phenomena were largely found on southerly facing slopes, as in the 
case of the Lammeninuirs, and Tivy suggested that this distribution was 
attributable to influencing factors such as exposure and soil moisture 
on the nature and severity of upland fires. It was implied that southern 
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facing slopes in the Southernuplands were relatively drier than 
northerly slopes in the Spring when moorland fires fanned by strong 
southerly winds, caused a greater potential hazard of serious 
overburning and soil degradation on these slopes. This explanation 
is plausable, but requires further detailed investigation. 
Tivy also obs-erved that active gullies frequently occurred in 
association with upland drainage schemes, particularly on steep moorland 
slopes overlying stony drifts. As in the Lammermuirs, these gullies 
in the Lowther Hills were either individual incisions on the sides of 
valleys or large complexes situated at steep valley heads. 
Elsewhere in the Southern Uplands, Bell (1970), described the 
distribution of erosion phenomena associated with upland drains in the 
Moorfoot Hills, which lie immediately west of the Lainmermuirs. He 
showed that eroded drains were concentrated on steep grasslands developed 
on the thinner soils overlying Ordovician and Silurian greywackes and 
grits, especially on north facing slopes. He concluded that this 
association with aspect reflected the topographic grain of the MDorfoots, 
but was also partly attributable to the increased incidence of drainage 
schemes on the northern dlopes as a result of easy access. The concentration 
of severe overdeepened drains on north-east facing slopes was attributed 
to factors such as length of snow lie and increased incidence of frosts 
inhibiting slope stabilization. 
5.1.5 Proximity of erosion features to streams and rivers 
In view of speculations concerning the possibility of erosion 
affecting stream water quality in the Lammermuirs, outlined in the 
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Introduction, erosion inventory data was used to summarize briefly 
the general proximity of erosion phenomena to streams and rivers. 
The summary is presented in Table 5.18, which shows that most active 
and stable gullies are less than 100 m from the nearest water course. 
Many of the larger gullies actually have permanent or intermittent streams 
running through parts of their lower channels. Numerous active sheet 
erosion phenomena, on the other hand, occur well away from permanent 
streams, although there is a concentration of these forms on the 
steep (30) bluffs adjacent to river floodplains and steep stream banks 
(Table 5.19). Some of these active sheet erosion features appear to 
be feeding debris directly into streams flowing at their feet. 
However, the severity of these phenomena appears to be independent of 
stream proximity. Similarly, active scars largely occur on steep 
slopes next to valley flats and haughs and on steep stream banks (Table 
5.20). Most of the more severe scars are well within 200 m of a 
permanent stream. Active slumps are found even closer to water courses, 
(Table 5.21), particularly the more severe cases, which often occur 
on the outer bends of river meanders in association with steeply sloping 
soils with impeded drainage characteristics. Slumps appear to be a 
significant potential hazard to water quality. However, fieldwork is 
required to assess the actual importance of these sites as sediment 
sources and to determine whether or not erosion phenomena outwith 
the streambank areas also contribute eroded debris into the drainage 
network. Certainly, the frequency of severe and active erosion phenomena 
next to streams is lower than some earlier reports implied (Learmonth, 
1950; Hillfoot Survey, 1962; East Lothian County Council Planning 





erosion severity and strewn proximity. 
(figures in parentheses show approximate extent ± 0.5 ha) 
ACTIVE GULLIES 
STREAM PR0XD1ITY 
0-99m I00-199m 200-299m 300-.399in 400-499m 500m+ Total 
Extreme 10 I 0 I 0 0 12 
(29ha) (Iha) - (--ma) 
Severe 35 I 2 I 0 5 44 
(I7ha) (<Iha) (< ma) (Iha) (ma) 
Moderate 22 2 8 I 0 IS 51 
(2ha) (czlha) (Iha) (<Iha) (2ha) 
Mild 5 0 0 0 0 2 7 
.] 
(<Iha) (<ma) 






O-99m I00-199m 200-299th 300-399m  400-499m 500m+ Total 
9 0 0 0 0 0 9 
(27ha) 
46 2 2. I I 6 58 
(52 ha) (Tha) <Iha) <Iha) <Iha) (2ha) 
22 6 2 7 0 13 50 
(5ha) (Iha) (<Iha) (2ha) 
5 0 2 0 0 I 3 
(Sha) Iha) zIha) 
Table 5.19 Numbers of active 
igures in parenthesis indicate approximate extent O.5ba) 
STREAM PROXIMITY CATEGORY 



















































Table 5.20 Numbers of active scars, tabled according to severity and 
strea.m proximity 
STREAM PROXIMITY 
COUNT 0 	99 100-199 200-299 300-399 400-499 500+m 
(HECTARES) m m m m m 
Extreme 0 1 0 '0 0 0 
(<lha) 
Severe 19 17 7 2 0 2 
(6 ha) (3 ha) ('<1 ha) (<1 ha) (<1 ha) 
Moderate 41 39 28 8 3 11 
(1 ha) (1 ha) (2 ha) (1 ha) ( cl ha) (1 ha) 
Mild 6 10 5 2 2 8 
(<1 ha) (<1 ha) (<1 ha). (<1 ha) (<1 ha) (<1 ha) 
66 	 67 
	
40 	 12 	 5 	 21 
Table 5.21 	Numbers of active si 
stream proximity 
tabled according to severity and 
O 	99 m 100-199 200-299 300-399 400-499 500-i-rn 
m m m m 
Extreme 3 0 0 0 0 0 
(1 ha) 
Severe 51 6 3 0 0 0 
(5 ha) (1 ha) ( 	 1 ha) 
Moderate 50 12 4 0 0 2 
(2 ha) (<1 ha) ( <1 ha) (<1 ha) 
Mild 8 2 1 0 0 2 
(<lha) (<lha) (<i ha) (<iha) 
14 
112 	 20 	 8 	 0 	 0 	 4 
% TOTAL 
77.8% 	13.9% 	5.6% 	0% 	 0% 	 2.8% CASES (1 
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5.1.6 Section Summary 
The preceeding part of this section (5.1) has described 
somenoptic associations between erosion occurrence and environmental 
variables such as soil parent material, topography, habitat type and 
land use by analysis of information obtained from maps and aerial 
photographs in the laboratory. This reveáied that erosion features 
are significantly concentrated on particular soil categories occurring 
under specific typs of habitat linked with certain regimes of land-use 
dominated by human activities such as burning and sheep grazing. 
However, it is clear from the work presented so far that, although 
some interesting information can be derived by means of these simple 
analytical procedures, bivariate analysis is an inefficient, restricted 
method of determing meaningful synoptic associations between erosion 
form occurrence and observed environmental variables. This is chiefly 
because bivariate analysis fails to isolate the complex interrelationships 
between the various physical and ecological variables recorded in the 
data matrix. It is therefore difficult to assess the important of factors 
such as altitude, slope aspect, gradient or slope form in the distribution 
of the different erosion phenomena in the study area. As was pointed out 
earlier, it is unfortunate that the data are not amenable to multivariate 
analysis procedures, because such techniques are particularly appropriate 
for this type of investiation (Mather and Doornkamp 1970). However, even 
if the data had been suitable for such analysis, it is doubtful whether 
these could have produced meaningful findings because there is insufficient 
information in the erosion inventory data to provide a satisfactory 
explanation of why erosion should occur on some sites and not on other, 
apparently similar ones. 
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The following section considers such cause and effect 
relationships determined by looking at the distribution of 
erosion features in a completely different manner to that adopted 
in this section. 
5.2. Some appraisals of erosion cause and effect relationships 
in the Laminermuirs 
Localized biotic influences, such as burning, grazing and 
small mammal burrowing seem to play important roles in both 
initiation and maintenance of the erosion phenomena identified 
on the aerial photography of the Lammermuirs. Usually, erosion 
cause and effect relationships are studied on the ground because 
it is assumed that biotic influences may not always be readily 
interpreted or quantified from remote sensing data sources. 
However, Riney (1978) described how simple laboratory-based procedures 
may be used to help determine possible causes of erosion in an 
extensive study region. One aspect of this rather qualitative approach 
is especially valuable for distinguishing between different types of 
animal induced soil erosion. This is based upon the theory that erosion 
associated with specific animals develops in specific, characteristic 
patterns which may be interpreted from aerial photographs. 
In principle, every domestic or wild animal has a range of 
ecological niches unique to its particular breed or species (Riney 
and Caughley, 1959). In wild animals this involves a combination of 
differences in such features as movement, social behaviour and anatomy. 
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Domestic animals differ frm each other in the same ways as do wild 
animals, and, in addition, their movements and numbers are often 
strictly controlled by man. In short, every wild or domestic animal 
will occupy an area in a somewhat different way in terms of, for 
example, trail systems, feeding grounds, bedding areas. If any species 
of large herbivore becomes so numerous as to be the principle cause 
of acclerated soil erosion, the focal points (starting points) of this 
erosion will develop in a way characteristic of the species concerned 
and attributable to it. 
In the study area, the principle focal points for many forms 
of erosion often appear to comprise sheep beds or rubbings. These 
occur on hill slopes irregularly distributed in areas of somewhat better 
exposure or shelter from the sun, wind or rain, or in lines along the 
upper edge of the first bluff above a stream or river bed. On the 
aerial photography, large areas of hillide may be completely bare, 
but the focal points of erosion may still be recognised as small arcs 
(the original sheep rubbings) below which eroded soil and sub-soil 
has been shifted downslppe in long thin spills and chutes (Plates 5.1, 
5.11, 5.111). Such sheep-induced patterns and focal points have been 
described by numerous authors in temperate mountain areas, especially 
In New Zealand, Western United States, and elsewhere in upland Britain 
(Tivy 1962; Thomas 1965; Evans 1975, 1977). 
When sheep beds or rubs are in a line, as for example, just 
below the top of a river terrace escarpment, habitual animal use and 
occupancy may ensure active erosion and produce the typical erosion 
scar pattern already shown in Plate 3.VlI . The pattern can sometimes 
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Plate 5.111 Sheep rubbinz with -considerable stills 
of debris belDw it. This site also illustrates how 
adjacent rubbings and eroded trails may coalesce to 
form bare patches of ground.. 
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terraces, but may also be attributable to animals bedding just 
below the upper lip of the slope. Riney (1978) noted that a variation 
of this pattern occurs on hillsides where very large bare areas have 
already been exposed or where gullying is well advanced. Rubbings 
are commonly found at the upper edges of such areas and may accelerate 
the upward extension of the bare ground. 
The past effects of other types of domestic animal may also 
be recognised using the signs which they have left behind and which 
persist much longer than evidence such as hoofprints, droppings or 
characteristically browsed plants. Riney (1978), noted that.c1erated 
erosion patterns induced by cattle can be distinguished from sheep-
induced erosion patterns on aerial photography using two criteria: 
trail patterns and erosion foci. When ungulates feed on a hill slope 
they tend to follow a system of main and subsidiary trails, the 
latter forming an intricate network. Both main and subsidiary cattle 
trails tends to follow the slope contour far more closely than the 
corresponding sheep trails. In time these may form distinct terraces 
which may persist for many years. 
In addition to differences in trail patterns, the focal points 
of erosion differ. In hilly areas the focal points of sheep-induced 
erosion are either sheep beds or the intersections of trails. Erosion 
caused by cattle on the other hand, generally starts on the cattle 
trails themselves. The main trails erode on the immediately upslope 
side, leading to ribbon-like bands or eroding ground. If such erosion 
continues for long, material from these bands moves across the trail 









Plate 5.IV 	Cattle appear to have induced localised 
erosion in the study area. The foci of the erosion 
induced: by the over-occupancy of these animals and 
their predecessors are the trails criss-crossing 
this for:aer woodland. 	The trails are fairly recent 
and entirely attrioutble to cattle. Note that these 
cattle trails not only spill debris downslope, but also 
erode on the upsiope sides as a result of animals 
grazing. The cow in the centre foreground is grazing 









Plate 9.V Horses also produce erosion features 
in the study area. However, horses are so rre1y 
e;t in concentrations for prolonged periods that 
horse-induced scalding and poaching is unlikely to 
cause concern. 
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Although the original focal points of erosion on the larger patches 
of eroded ground may be indistinguishable, the edges of such larger 
erosion phenomena should show signs of the earlier stages of erosion 
development and indicate the type of animal involved. 
Examination of photography available for the Lammermuirs shows 
many erosion phenomena are closely associated with sheep trails and 
rubbings. There is also some evidence of cattle-induced erosion 
around many of the old hill forts which abound in the area. Riney 
(pers. comms. 1976), feels thattheolder patterns of erosion adjacent 
to these hill forts were probably induced by excessive numbers of 
domestive livestock at some period during the occupancy of these 
settlements. This hypothesis is supported by archaeological evidence 
suggesting these hill forts were probably used as protective animal 
enclosures. Smaller mammals such as rabbits have also developed 
characteristic focal points of erosion associated with the digging 
of warrens and burrows. This seems to imply that small wild animals 
as well as domestic livestock induce soil erosion. However, Riney (1978), 
considers that such wildlife erosion phenomena are merely indications 
of an unnaturally high population of small mammals which in turn is 
symptomatic of previous or continued overgrazing by domestic livestock. 
In other words, rabbit induced erosion in the Laimnermuirs is just a 
further indication of man's past or present activities. 
5.3 Chapter Summary 
In keeping with the known erodible characteristics of soils 
like the Linhope and Lauder series discussed in Chapter 2, the 
first part of this chapter showed that serious-1ooing erosion 
features are concentrated on specific soil types developed upon 
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particular parent materials in association with habitats used for 
sheep grazing. The soils of the Ettrick and Lauder Associations are 
developed on parent materials which seem to be easily eroded and 
difficult to stabilize. On steep freely drained slopes, animal 
related erosion phenomena occur which produce finger-like debris 
chutes running downslope. On the more poorly drained soils, slumping 
occurs near rivers and streams. Some gullies appear to have been 
affected by the presence of drains, but others do not appear to have 
ever been associated with drainage schemes and some other mechanism 
is needed to explain their occurrence and maintenance. The 
examination of associations between erosion phenomena occurrence and 
slope aspect suggested ideas for the formulation of several working 
hypotheses. The concentration of gullies with and without drains on 
northerly facing slopes to some extent reflects the geology and topography 
of the study area, but detailed analysis of gully distributions suggests 
that aspect-related variables such as frost and length of snow-lie may 
also be important factors in gully maintenance or initiation. 
Analysis of distributions of sheet and rabbit erosion forms according to 
slope aspect suggests that aspect-related variables such as soil 
temperature and soil moisture might be significant factors influencing 
animal occupancy and consequent erosion (Parker et. al. 1976). 
The second part suggested that it is possible to interpret some 
causes of erosion from aerial photographs through observation of 
characteristic patterns of erosion associated with particular kinds of 
animal and certain forms of land-use. It indicated that many of the 
erosion features identified in the study may be attributable to 
localized biotic influences, namely over-occupancy of sheep and rabbits 
on steep, well-drained slopes. It is also likely that indiscriminate 
330 
burning and badly aligned moorland drains are also responsible 
for erosion initiation and maintenance in the Lainmermuirs. 
It is difficult to assess the relative importarreof such 
activities using desk study procedures but nevertheless this kind 
of study provides some useful working hypotheses and a valuable 
synoptic perspective of erosion occurrence in the study area. 
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rUA'Dm'P TY 
FIELD BASED ASSESSMENTS OF THE CHARACTER AND 
RATES OF EROSION OCCURRING IN THE LAMMERMUIRS 
Introduction 
It is evident from Chapters 3, 4 and 5 that desk studies 
and aerial reconnaissance investigations can produce much 
information regarding the extent, distribution, historical trends 
and some possible causes of medium and large-scale erosion forms 
identified in the Lammermuirs. However, this information has 
significant limitations which, if ignored, could lead to serious 
misinterpretation of these findings, which relate only to 'erosion 
forms' defined as features detectible on aerial photographs and 
which one might reasonably associate with past or present accelerated 
soil erosion ,(section 3.2.1). With the exception of comparisons of 
sequential maps and aerial photographs of specific gullies and scars, 
little objective evidence has been presented so far to indicate whether 
or not the active-looking erosion forms noted are sites where 
accelerated soil erosion processes are really operating. Without such 
evidence one cannot assume that all active-looking erosion phenomena 
in the area are actual incidences of contemporary accelerated erosion. 
Similarly, without evidence concerning the presence or absence of erosion 
from sites outwith the active erosion phenomena, it would be dangerous 
to assume that all the areas between the erosion phenomena are sites 
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where no erosion occurs. It is evident from recent investigations 
in other upland areas that significant soil wastage may sometimes 
take place at localities which do not appear to be eroding at all 
on panchromatic aerial photographs (Curtis, 1965, 1976; Imeson, 1970, 
1971, 1974, 1976; Evans, 1974a; Arnoldus, 1974; Imeson and Kwaad, 1976). 
In view of such limitations a realistic appraisal of the soil erosion 
situation in the Lammermuirs cannot be made without further information 
relating to the nature and intensity of erosion processes operating 
there. It is the purpose of this chapter to report on work undertaken 
in the field to provide such information. 
6.1 Procedures available for field-based assessment and 
measurement of contemporary erosion 
Many fieldwork procedures are available for obtaining 
objective information about the character and intensity of soil 
erosion at a specific site or locality. Some idea of the range 
of field methods available is indicated in Table 6.1. It is 
apparent from the nature of these techniques and also from 
excellent reviews by U.S.D.A. (1954, 1966), Bennet (1955), Stallings 
(1957), Kohnke and Bertrand (1959), Nowland (1962), Washburn (1962), 
Miller and Leopold (1963), Slaymaker.and Chorley (1964), Corbel (1964), 
Schumm (1964), Slaymaker (1965, 1968), Emmet (1965), Piest (1965), 
Leopold (1967), Douglas (1967), Stehlick (1967), Revue de Geomorphologie 
(1967), Hudson (1971), Carson and Kirkby (1972), Fournier (1974), 
Gregory and Walling (1974), Arnoldus (1974), Rapp (1977), Djorovik (1977), 
and Dunne (1977), that by no means all the methods listed in Table 6.1 
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Table 6.1 Some different kinds of ground-based procedures 
which have been employed to assess the character 
and rate of erosion at specific upland sites 
RECONNAISSANCE 
PWflCflTTPES 
Interpretation of visual erosion criteria 
e.g. exposed plant and tree roots, soil-
lines, lichen-lines, moss-lines, 
erosion pavements, pedicels and 
soil pedestals. 
Interpretation of botaii.cal indicator species 
e.g. PZ-antago albicans 
Interpretation of soil profiles 
e.g. truncated, buried, inverted horizons 
SEQUENTIAL 
SURVEYS 
Comparison of sequent maps, cross-sections, 
profiles 
Comparison of sequent ground-photography 
e.g. simple visual comparisons, and 
photogrammetric plotting of difference 
SLOPE AND CHANNEL 
	Simple monitoring devices 
INSTRUMENTATION e.g. bottle-tops, erosion pins, painted 
markers, splash-boards, splash-cups, 
scour-chains, simple debris traps. 
Sophisticated techniques 
e.g. fluorescent sand and radioactive 
tracers ( 59F6), runoff plots and 
sediment traps 
MEASUREMENTS OF 	Simple sampling procedures 
STREAM AND RIVER e.g. baskets and bottles, sediment pits 
LOADS 
Sophisticated procedures 
(solutes, suspended- 	 e.g. aliquot sampling flumes, electronic 
loads and bed-loads) continuous recordings of discharge, 
pH, salt concentrations, turbidity. 
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could be considered practicable for the present study, bearing in 
mind that it had to be undertaken by one person working in a 3 
year period with a limited budget. 
There are several reasons why measurement of stream sediment 
loads was considered inappropriate for assessing localized erosion 
rates at numerous extensive sites. First, debris eroded from some 
sites may never reach a stream at all, a point emphasized by Schumm 
(1964) , Douglas (1967) and Imeson (1971). Even if it did, each 
sediment recording station must be situated close to the eroding 
site, otherwise accuracy may be seriously impaired due to the 
deposition of bed-load before the stations (Gottschalk, 1964; 
F.AO. 1977). secondly, considerable financial and equipment 
resources are required to establish and maintain a single station, 
making is out of the question to set up a network of such stations 
in the Lammerrnuirs for the present investigation. A further 
consideration is that the maintenance of stream sediment recording 
stations is a time-consuming occupation. 
Similarly, the use of sophisticated fluorescent and radio-
active soil particle tracer methods (McDowell, 1962; McHenry and 
McDowell, 1962; Kazo and Gruber, 1962; Wooldrige, 1965; Coutts et. 
al., 1968), and runoff plot procedures (U.S.D.A., 1962; Hudson, 1957, 
1964a, 1971; Hayward, 1968; Dunne, 1977), presupposes technical 
and financial support far beyond the scope of this study. 
Qualitative erosion assessment procedures, such as the 
observation and interpretation of simple visual erosion criteria 
described by Lowdermilk (1935), U.S.D.A. (1940), Sampson (1949), 
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Riney and Dunbar (1956), Gleason (1953, 1957), Bergsma (1971), 
Arnoldus (1974), and Dunne (1977), were inappropriate at this 
stage of the investigation for two reasons. First, they 
apparently rely heavily upon rather intuitive operations and 
depend on the ability of the worker to observe, interpret and 
judge evidence in a reliable and consistent manner. This calls 
for a moderate amount of field knowledge and experience which 
the author did not possess at the start of this work phase. 
The second reason for rejecting such procedures was that there 
could be no direct comparibility between the results obtained 
and findings from more quantitative studies elsewhere in Britain. 
Fortunately, some of the other erosion assessment procedures listed 
in Table 6.1 appeared more suitable for the kind of study envisaged 
in the Lammermuirs and these are examined briefly below. 
(a) Sequential ground-based photographic methods 
Several workers have described the use of ground-based sequential 
photographic methods to monitor contemporary accelerated soil erosion 
(Fournier, 1974; Evans, pers. comm., 1975; Coleman, 1977). Sequential 
sets of stereoscopic photographs have been compared by photogrammetric 
methods to give very accurate, precise rates of local soil loss 
(Aguilar and Pest, 1969; Keech, pers. comm., 1975). Single-frame 35 mm 
sequential photography has also been found useful, particularly in 
estimating short-term rates of upland gully erosion (Harvey, pers. comm., 
1974). One big advantage of these techniques is that they need not 
disturb the site under examination, which is especially valuable when 
investigating steep or delicate slopes. Another advantage is that 
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they are a feasible means of monitoring erosion changes at a 
relatively large number of sites, provided ;that the changes are 
sufficiently large to be detected from the photographs. To a 
large extent, the accuracy and precision of the results obtained 
thus are dependent upon the quality, type and scale of the 
photography, and it may not always be possible to obtain photographs 
of the characteristics desired. The chief disadvantage of these 
techniques is that they are normally "time bound" - one must wait 
a certain time before erosion rates can be determined. This problem 
may be by-passed if suitable old photographs of the site can be 
obtained, but often these may be hard to find, so usually sequential 
photography must be started from scratch. 
(b) Sequential ground-based surveying methods 
Repeated ground surveying can provide an indication of the 
quantities of soil eroded, transported or deposited in or around 
specific sites. Bannister and Raymond (1977), noted that production 
of accurate, precise surveys can be time consuming and demanding 
in terms of personnel and equipment, but, if carefully planned, 
can be achieved by just one person (Ritchie et. al., 1977). Some- 
times it is possible to compare contemporary surveys with old plans, 
but more often sequential surveying is time-bound like sequential 
photography. Evans (1977), used surveying to measure rates of erosion 
associated with animal scars in the Peak District. Others who have 
successfully employed this procedure include Streeter (1975) and 
Coleman (1977), who monitored footpath erosion, Morgan (pers. comm., 
1977), who measured rates of rilling in arable fields, and Fairbairn 
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and Langdale-Brown (pers. comm., 1977), who determined rates of 
gully development in the Findhorn Valley. It is clear from such 
applications that sequential surveying is suitable for both 
long and short-term monitoring of a wide range of erosion features, 
varying in size from rills to large gullies. However, it is also 
apparent from the literature that detailed mapping and surveying 
of large features may be time consuming and that some insidious 
kinds of erosion, such as sheetwash, cannot be measured very 
accurately by these means. 
(c) Ground instrumentation techniques 
A number of simple ground-based instrumentation techniques 
were also considered suitable for the kind of erosion measurements 
envisaged in the study area. Numerous authors have described the use 
of devices such as scour-chains, sediment traps, splash boards, 
splash cups and nails (Osborne, 1953; Schuxmn, 1956, 1964; Miller 
and Leopold, 1963; Hudson 1964a; Leopold, Emmet and Myrick, 1965; 
Emmett, 1965, 1974; Washburn, 1967; Kinnell, 1974; Dunne, 1977). 
Usually, the equipment required is inexpensive and can be easily 
obtained or constructed. A further advantage is that one observer 
can maintain and operate a large number of such devices in the field. 
These procedures are, however, time-bound and the results arenot always 
easy to interpret (Leopold, 1956). Because the devices are located 
either on the slope or in the channel under study, there is the added 
disadvantage that either the equipment itself or continual visits from 
the observer may disturb the site conditions. Ibwever, this potential 
problem can be avoided and is far outweighed by the ability of such 
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ded:ces to measure minute and moderate rates of erosion not 
easily detected by procedures such as sequential photography 
or sequential surveys. 
6.1.1 Appraisal of procedures suitable for use in the study area 
It seems from the foregoing review of erosion monitoring 
procedures that photographic methods, surveying and instrumentation 
are all feasible means of independently monitoring different scales 
of erosion over both short and long term periods. Although these 
procedures are considered separately above, it is apparent that in 
many respects they are complementary. Erosion can be a very inter-
mittent phenomenon and any research period runs the risk of falling 
within either a period of erosive quiescence or a period which includes 
rare, catastrophic erosive events (Schumm and Lichty 1965; Thornes 
and Btünsden 1977). None of the procedures mentioned above are 
capable of measuring erosion associated with both these extreme 
situations. For example, erosion pins and other small scale ground 
instrumentation devices, essential for measuring small changes at 
a site, could be washed out and lost during a severe cloudburst 
and need to be backed up by other procedures capable of measuring 
big changes. Clearly, a comprehensive, objective coverage of all 
possible erosion eventualities at a site can best be ensured by 
employing a combination of all three types of procedure outlined 
above. 
339. 
6.2 Experimental design considerations 
In addition to considering which procedures are most 
suitable in any particular erosion study, it is necessary to 
consider how these can best be employed to obtain meaningful 
results within the scope and limitations of that study. As 
far as the present investigation is concerned, there are two 
important constraints. The first is that all the work had to 
be carried out by one person within a 3 year period. Therefore 
everything had to be done simultaneously. The second constraint 
is that the amount of time and money available for making field 
observations was quite limited. This places a logistical restriction 
on the total number of erosion measurements which could be made and' 
on the amount of travelling which could be undertaken in the course 
of this work. 
After discussion with other workers who have 
faced similar problems, notably Dr. A.D. Harvey of the University of 
Liverpool, Dr. R.P.C. Morgan of the N.C.A.E., Silsoe and Dr. R. Evans 
of the Soil Survey of England and Wales, it was concluded that a 
sensible approach would be to concentrate on one or two localities 
where it would be possible to study a range of sites having essentially 
similar physiographical and pedological characteristics. This would 
reduce the number of variables to be taken into account in interpreting 
the findings (Hadley, 1965). Since the widest range of erosion forms 
occurs on the steep upland grassland and moorland habitats developed 
upon soils of the Ettrick Association (Chapter 5), it seemed sensible 
to concentrate on areas where a wide range of different erosion forms 
occurred in association with such habitat and soil categories. Many 
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locations met this requirement, but when further considerations' 
such as access, possible cooperation with land owners and liability 
to vandalism, were taken into account, two localities emerged as being 
particularly suitable. One was Hopes Valley (NT560360), at the upper 
end of the Gifford Water Basin (Fig. 6-A) which has already been shown 
to possess a wide range of erosion forms within a very short distance 
(Chapter 3; Fig. 3-C and section 3.3.6). Some of the large gullies 
and scars in this valley have also been mentioned in Chapter 4. The 
second locality was a hillside adjacent to Whiteadder Reservoir (NT659628 
dominated by a series of three large gullies (Fig. 6-B). 
The general character of Hopes Valley is illustrated in 
Plate 6.1. It is typical of the many steep-sided valleys cut into 
the scarp of the Northern Lammermuirs, with numerous tributary streams 
cutting the southern side of the valley into a series of spurs running 
from south-east to north-west. Above 400 m the slopes are less steep 
and merge into the gentler slopes of the upland plateau. The valley 
is almost entirely underlain by tightly folded grits and shales of  
Caradoc age. Many of the beds are contorted. There is an ubiquitous 
north-east to south-west strike and the beds dip steeply towards the 
north-west. In some parts the beds dip vertically. The hill slopes 
are covered by shattered stony heads which form the parent material 
of the freely drained soils of the Ettrick Association. The lower 
parts of the valley are covered by glacial drift derived from the 
surrounding hillsides. 
The rounded hill tops and upland plateau sections are covered 
by hill peat. Fig. 6-C shows the steep valley sides dominated by the 
Minchmoor and Linhope soil series which merge to form an intergrade 
series around Hopes Reservoir. Alluvium and Mixed Bottom Land dominate 
the valley haughs. The distribution of major habitat categories in 
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Fig. 6—A 	Extract of Ordnance Survey Sheet NT 56 ( Scale 1:25,000), showinTtopes Valley. 
Plats 6.1 	Hopes Valley, looking West from Harestone 
Hill towaHs Lammer Law. 
Plate 6.11 Whitead.der Reservoir. This oblioue 
aerial photoraoh shows the three 1are gullies 
which run into the southern arin of the reservoir. 
In the bottom left-hand corner is a Neolithic hill- 
fort. (rhotographed by author from Cessna 172,  1976). 
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Hopes Valley is shown in Fig. 6-D. The steep slopes are largely 
under heather moorland and upland grassland. Trees are confined 
mainly to a small number of coniferous plantations and to patches of 
Juniper and Birch in the valley near Hopes Reservoir. However, there 
is sparse decadent woodland on the slopes around Hopes Hill Fort 
and around the Hopes Reservoir. Some arable fields are found on the 
gentler slopes in the valley below West Hopes Farm. At the time of 
the investigation, most of Hopes Valley comprised the estate of Sir 
John Gilmour, the exceptions being small areas of land surrounding 
Hopes Filter Station and Hopes Reservoir belonging to the Lothians 
Water Supply Board. The land immediately surrounding the reservoir 
is used as a nature reserve and the rest of the valley is used mainly 
for hill sheep production, grouse shooting, and timber cropping. 
In addition to fulfilling general requirements pertaining to 
physiographical, pedological, and habitat characteristics and access, 
Hopes Valley offered several further important advantages. For 
example, planning reports mentioned earlier cite features in this 
valley as examples of severe erosion. In view of this, both the 
owner and local water board engineers were especially interested 
in the proposed study and offered help with the provision of 
accommodation and back-up meteorological observations. Another 
important advantage of Hopes Valley is that access to it is via 
a private road protected by locked gates. This meant that there 
was less likelihood of field experiments being disturbed by 
unwanted visitors. A special advantage of working in the hills 
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the light of sedimentation findings published by Ledger et. al (1974), 
and sequential mapping information presented earlier in section 4.4. 
The character of the hillside locality at Whiteadder Reservoir 
is illustrated by Plate 6.11. It is typical of the steep convex 
slopes bordering the floodplain of the Whiteadder Water upstream 
of Cranshaws. In this case, however, the lower sections of the 
slope are now submerged beneath the reservoir waters. The strata 
underlying the hillside are the Birkhill shales which are 
structurally and lithologically similar to the H artfell and Glenkiln 
shales found at Hopes. The bedrock is much contorted and deeply 
weathered. As at Hopes Valley, considerable thicknesses of solifluction 
head material cover the shales, particularly on the steeper, lower 
parts of the hillside. The whole of this locality is covered by the  
Linhope soil series. The vegetation mosaic consists of Callunetum 
and patches of upland grassland. The hillside is dominated by three 
large gullies incised deep into the weathered bedrock. Prior to 
the opening of Whiteadder Reservoir in 1965, the area was grazed 
by sheep and burned periodically. Since that time, however, sheep 
have been excluded by fences and burning has been successfully 
prohibited. The Whiteadder locality is very suitable for erosion 
fieldwork for several reasons. First, it lies within a locked 
prohibited access area reached via a private track. Secondly, it 
includes particularly severe, active-looking gullies which have been 
worrying the water board for several years. In view of this, the 
regional water engineer was especially anxious to study these features 
and agreed to help provide further meteorological back-up facilities 
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at this locality. Another reason for working at this locality 
was that it was hoped that it might be possible to compare the 
erosion rates in the grazed gullies at Hopes Valley with the 
ungrazed ones at Whiteadder. 
6.2.1 Site selection 
It is apparent from the large numbers of erosion forms in 
the Hopes area and from the constraints of time and manpower that 
by no means all the erosion features identified in this valley 
could be instrumented. Consequently, an immediate problem which 
had to be faced was how best to sample monitoring sites. Random 
sampling was considered, but it was concluded that a better strategy 
would be to select extreme samples of various kinds and states of 
erosion form. For example, by selecting the most and least severe, 
active-looking gullies or scars in the Hopes Valley, it might be 
possible to obtain information about the maximum and minimum rates 
of erosion at such sites during the study period. The nature, name 
and location of erosion form sites selected in Hopes Valley on this 
basis are indicated in Table 6.2. No problems were encountered in 
finding extreme cases of most types of erosion forms in the Hopes 
area. Unfortunately, there were no suitable sites for studying erosion 
associated with either severe overdeepened drains or slumps in this 
area. Some severe, active-looking overdeepened drains do occur, but 
these have been affected by anti-erosion measures undertaken by the 
land owner, and were not investigated. 
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Table 6.2 Nature, name and location of erosion forms 
selected for monitoring in Hopes Valley. 
- LOCKING 
STISLR - LOCKING 
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Sites representing apparently erosion-free habitats are ' 
plentiful in the Hopes area. Again, random sampling was considered, 
but for logistical purposes it was decided to choose sample sites 
located close to the erosion form sites listed in Table 6.2. The 
sites actually chosen on this basis are listed in Table 6.3. 
The sites selected at the Whiteadder Reservoir locality are 
listed in Table 6.4. The range of erosion forms studied at this 
locality is much smaller than at Hopes, but nevertheless represents 
cases of severe active-looking gullies and reservoir bank erosion 
phenomena. 
6.3 Description of observations and measurements made to assess erosion 
6.3.1 By ground-based sequential photography 
A standardised system of sequential photography was devised 
to be used at any site. Metal bench marks were driven into the ground 
at each photographic station to ensure precise relocation. Several 
photographic stations could be established in or around the site in 
question. At each photographic, visit, a pair of tripod-mounted 35 mm 
single lens reflex cameras was used. One was loaded with Ektachrome 
colour transparency film and the other with Plus-X panchromatic film, 
providing both a colour and black and white record of each 'visit to each 
site. Moreover, at each photographic station a range of lenses was 
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Table 6.3 	Nature, name and location of apparently 
erosion—free sites selected for monitoring 
work in Hopes Valley. 
Site tynes Approximate 
Name of site & 
position 
SHORT GRASS & IMPROVED PASTURE SITES NT 558628 (Gi site) 
(G2 site) NT 
NT 
558639 
535610 (03 site) 
NT 551621 (G4 site) 
NT 570635 (05 site) 
NT 555622 (o6 site) 
TREE—COVERED SITES : NT 56262 ('ri site) 
NT 557637 (?72 site) 
NT 558640 (?73 site) 
NT 551621 (BT1 site) 
NT 561640 (BB1 site) 
NT 560630 (MT1 site) 
UPLAND GRASSLAND SITES NT 569629 (UG1 site) 
NT 552627 (TJG2 site) 
NT 545623 (UG3 site) 
NT 550625 (UG4 site) 
NT 556622 (UG5 site) 
NT 550619 (1581 site) 
NT 553622 (1582 site) 
MOORLAND SITES NT 573638 (Mol site) 
NT 567625 (l02 site) 
NT 563623 (M03 site) 
NT 547624 (M04 site) 
NT 552622 (MM1 site) 
NT 550619 NM2 site) 
NT 567626 M6A site ~ M6B NT 555623 site) 
NT 550622 (M6c site) 
NT 535625 (M6D site) 
NT 573638 (M6J site) 
NT 544615 (N61 site) 
Table 6.4 Sites selected for erosion monitoring work at 
Whiteadder locality. 
ACTIVE - LOOKING STABLE - LOCKING 
erosion 
forms 
SEVERE MILD SEVERE MILD 
GULLY Whiteadder East Incipient gully Stable Gully 
Gully by W.E. gully (NT 661631) 




RESERVOIR Surveyed section Below Friars' By Priestlaw 
BANKING SCARS by gullies Nose (NT662631) (NT 655631) 
(NT 661631) 
W. 	of N.E.C. By boat stage 
Between N.E.C. (NT 656630) (NT 655637) 
N.C.G. 
(NT 659630) N.side of loch 
(NT 660632) 
BORROW PIT NT 658638*. 
NT 675632 




from erosion) Site tynes Position 





Mature Heather moorland NT 657625 
NT 656628 
NT 663631 
Young heather moorland NP 665633 
Cut grass NT 663663 





used systematically on each camera, providing wide angle (28 mm lens) 
close-up (135 mm lens), and normal (58 mm lens), shots of the site. 
Ranging rods and rulers were used when taking the shots to give 
impressions of scale. 
6.3.2 By sequential surveying 
A variety of standard survey procedures (Bannister and Raymond, 
1977) was used to produce detailed sequential plans and profiles of 
the sites where considerable erosion was anticipated, for example in 
and around active-looking gullies. These included chain and compass 
survey, plane-tabling, levelling and theproduction of control points 
using a theodolite (Pugh, 1975; Ritchie, et. al. 1977). Numerous 
semi-permanent metal markers were used to help relocate base-lines 
and triangulation stations, so that in the event of catastrophic 
erosion, it would be easy to survey and measure the amount of slope 
retreat and incision. On steep slopes, such as the sides of scars 
and gullies, a purpose-built water-level was used with a Quickset 
Level to produce detailed cross-sectional profiles which would 
permit changes greater than 5 cm to be detected between sequential 
surveys. To assist future research, all important control points 
and slope profile bench marks were surveyed precisely onto 1:10,560 
Ordnance Survey maps using a Wild T2 Compass Theodolite. 
6.3.3 By ground-based instrumentation procedures 
In view of initial uncertainty regarding the most effective 
procedure for measuring small erosion changes, three different ground- 
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based instrumentation techniques were employed simultaneously 
at each site from the start. These are described below. 
6.3.3.1 Erosion pins 
- 	Erosion pins were used extensively to measure small changes 
in surface slope morphology and monitor headward retreat of features 
such as rubbings and the edges of scars and gullies. It is evident 
from the literature that there is no standard erosion pin, the 
device used being varied to suit the conditions of the study area 
in question (Schuxnm, 1956a, 1964; Leopold, Wolma.n and Miller, 1964; Leopold 
Emmet and Myreck, 1965; Miller and Leopold, 1963; Leopold, 1967; 
Imeson, 1970, 1971, 1976, 1977; Imeson and Jungerius, 1974, 1977; 
Evans, 1967, 1974, 1977; Harvey, 1974; Brunsden, 1974; Lewin, Cryer 
and Harrison, 1974; tJ.S.S.C.S., 1977; Haigh, 1977a, 1977b, 1977c; 
Dunne, 1977, Coleman, 1977). By and large, however, erosionpins 
employed by workers in Britain have frequently consisted either of 
welding rods or 15 - 50 cm long steel nails. At the time of the 
installation, the pin is slipped through a washer and is them driven 
firmly into the ground. The distance from the head of the nail to the 
top of the washer is then measured. Erosion processes remove material 
from around and beneath the washer which is lowered to a new position 
(Fig 6-E). Re-measurement of the distance between the washer and the 
nail head gives an indication of the rate of erosion during the 
period between the measurements. If the washer has protected the soil 
so that it stands proud on a small pedestal of soil, the pedestal 
may be removed before measurement to lower the washer to the level of 
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Fig. 6 - E : Measurement of erosion and deposition against Dins 
( Adapted from Dunne, 1977). 
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that a washer should not be used, but the advantage of using one is 
that it provides a firm, definite surface from which to measure. 
Moreover, the use of a washer can also help indicate soil flux 
at sites where erosion is followed by deposition of material (Fig.6-E). 
Three types of erosion pin were employed in this study to 
suit a range of situations. A standard "six-inch" (15 cm x 0.5 cm), 
round-headed steel nail was used in the majority of situations, but 
where the surface was rocky or the soil stony, stronger mild steel 
7 mm diameter rods of suitable length were employed. Where small rates 
of erosion were anticipated, where delicate frost susceptible soils 
were involved, or where it was considered important to disguise the 
device, lengths of 3 mm diameter welding rod were used. The parts of 
the pins above ground were painted red to facilitate relocation in 
the field and inhibit rusting. Where possible, the lower sections 
were filed rough and encouraged to rust so that they might remain 
lodged firmly in the soil. Non-rusting brash washers (2.5 cm diameter) 
were used in conjunction with the nails and rods. A serial number 
was punched onto each washer to identify individual pins along transects 
and in clusters. Care was taken to ensure that the washer holes were 
large enough for the washer to slide freely down the pin. A smaller 
(7 mm) brass washer was employed with welding rods placed vertically 
into the ground. It was not necessary, however, to use a washer on 
welding rods pushed horizontally and flush into the free faces of 
features such as sheep rubbings. 
Before using the three types of pin in the field, tests were 
carried out to check that the different devices produced comparable 
results. These showed that in the vertical and inclined positions 
there were no significant differences in the results obtained from 
the various pins. However, in the horizontal position, the thicker 
rods tended to disturb the soil more during installation causing 
excessive erosion at first but tending to lend support to the soil 
thereafter. In view of this, it was decided to use welding rods 
wherever possible to monitor vertical soil face retreat. 
Slope lowering and accumulation at each pin was measured 
with a metal ruler graded into 0.5 mm divisions. Differences 
greater than 1 mm were regarded as significant. To minimise errors 
which might be caused by excessive slope surface disturbance, it 
was decided to adopt a strict policy of not removing any materials 
deposited on the washers of the vertical erosion pins. Where a 
washer was covered by a layer of silt or stones, it was therefore 
necessary to measure from the top of the pin to the level of the 
deposit (Fig 6-E). 
Two techniques were employed to try to ensure that any frost-
heaving or other disturbance of pins would be noticed. First, where 
nails were used on slopes where either animal activity or frosts were 
anticipated,&ePLY driven welding rods were positioned in parallel 
to provide a crude control. Secondly, the head of every nail was 
surveyed periddically using a simple but effective water-level 
graduated in 5 mm divisions. Unfortunately, some nails on eroding 
slopes had to be hammered-in frequently to prevent their falling over 
as the surrounding soil was removed. This meant it was sometimes 
difficult to assess the extent of frost-heaving and other disturbances 
at such positions. 
Every time the erosion pins were visited and measured, the 
relevant data were entered onto a specially printed field pro-forma, 
which noted the reading at which each pin was found and the reading 
at which it was left. A record was also made of the nature of any 
material lying on top of the washer and notes were taken of evidence 
indicating possible pin interference and disturbance. 
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6.3.3.2 Spray painted strips of ground 
Initially, aerosol spray paint was applied lightly to 
produce painted strips running along the contour of the slope 
under investigation, taking care to avoid disturbing the ground 
surface. The size of the painted strips was varied according 
to the nature of the slope facet. For example, on large gully 
slopes it was convenient to use strips measuring 2 m x 0.25 m, 
whilst on smaller facets, 1 m x 0.1 m strips were employed. These 
were visited periodically and if significant movement had occurred, 
the site of the original strip was resprayed using a different 
colour of paint. In this way, loose stones, soil aggregates, 
and organic matter remaining in situ could be noted at subsequent 
examinations, whilst the transport of materials moved downslope 
could be assessed by simply observing their new locations. 
6.3.3.3 Debris traps 
A number of galvanised mild steel debris traps were constructed 
which measured 100 x 50 x 25 cm. Each trap was positioned firmly on 
a slope by means of long steel rods driven through small holes drilled 
in the base of the trap. To ensure that any material moving into the 
trap would not be kicked out by animals or splashed out by rain, a lid 
was fitted. The amount of material collected between visits was 
assessed by periodically emptying the contents into plastic bags and 
weighing the dried debris. 
6.4 Monitoring work carried out at specific site types 
The purpose of this section is to describe how the 
standard procedures outlined above were actually put into effect 
at specific sites. The value of the information produced by 
monitoring work at any particular site is largely dependent upon 
the number and location of the observations made at it. This 
is especially true in the case of large gullies because significant 
variations in the character and rate of erosion may occur in 
different parts of the same gully site (Heede, 1976; Harvey, 1974). It 
is therefore essential to outline the manner in which different types 
of erosion site were internally sampled and investigated. However, 
in view of the relatively large number of sites studied and similarities 
between certain types of site, it is proposed to describe only how 
specific site types were handled. Since gullies presented the most 
complex internal sampling problem, the work undertaken at such sites 
is considered first. 
6.4.1 Work undertaken in gullies 
It is evident from literature referring to upland gullying 
in Britain and the findings presented in Chapter 4 that certain 
parts of an actively eroding discontinuous gully are likely to change 
in different ways (Tuckfield, 1964; Fairbairn, 1967; Harvey, 1974). 
For example, headward retreat may occur, and there may also be some 
widening and deepening at various points along the gully. At the 
foot of the gully there may be development and extension of colluvial 
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fans. To cover such possibilities, it was necessary to ensure 
that the head, foot and central portions of each gully under 
observation were given appropriate monitoring coverage. This was 
achieved by adopting the following internal sampling framework. 
Each gully was surveyed and mapped using the methods described 
earlier. It was then sub-divided into 5 parts and erosion monitoring 
activities were concentrated in the top, middle and lower segments, as 
indicated in Fig. 6-F. A series of sequential photographic stations 
was established in and around the three segments. These stations were 
located to provide a reasonably comprehensive coverage with the minimum 
number cpositions. It was possible to take pictures aimed in different 
directions from most of these positions. Detailed micro-geomorphological 
mapping was carried out along the margins of the three segments to 
facilitate determinations of any headward retreat and lateral 
enlargement. In addition, a series of cross-sections and longitudinal 
profiles was surveyed along transects running down and across the 
various gully segments and fan (if present). It was convenient to 
run the longitudinal transects along the entire length of the gully 
channel and sides. 
Fig 6-G shows the positioning of ground instrumentation in the 
various segments. Different coloured strips of painted stones and soil 
were established on the upper, middle and lower sections of each slope 
facet investigated. Extra strips were set up at numerous other points, 
such as on the floow of the channel and on the fan. Sediment traps 
were only positioned at the foot of slopes considered too steep or 
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Fig. 6-F 	Division of gully into segments, location of 
surveyed transects and photographic s-tati 
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erosion pins were established along surveyed transverse slope 
profiles in each segment. It was convenient to locate these pins 
at 1 m. intervals in most of the larger gullies, because this 
produced lines which. consisted of approximately 20-25 pins. In 
smaller gullies the pin spacing along lines was reduced accordingly. 
Further pins were positioned in clusters at the head and sides of 
the gully and also on the fan (Fig 6-G). For convenience these 
clusters were usually arranged into groups of 25 or 100 pins. 
6.4.2 Work undertaken at other type sites 
The work carried out at scars was essentially similar to that 
undertaken on individual slope facets within gully segments. That is 
to say it involved photography, detailed surveys of the margins and 
profiles, the use of strips of painted stones on the top, central and 
lower parts of the slope, and the installation of erosion pin arrays 
and transects. Features such as borrow pits, road cuttings, and 
reservoir banks were treated in much the same way, but some were given 
more instrumentation than scars because of their greater size. Initially, 
however, it was convenient to use erosion pins spaced a 1 m intervals 
along lines running up and down such features. In addition a number of 
randomly positioned arrays of 25 pins were established on such sites. 
Sites representing relatively small erosion forms such as 
animal rubbings, trails and excavations were treated slightly differently 
to avoid unnecessary work and instrumentation. First detailed surveys 
were made and photographic stations established where required. Painted 
strips and erosion pin arrays were then used at  number of randomly 
selected point and at points considered the worst affected by erosion. 
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Again, the number of pins employed was varied according to the 
nature and size of the erosion form. Where it seemed likely that 
animal activity might affect the results at a site, care was taken 
to provide adequate coverage to allow for this. Furthermore, where 
the presence of pins and painted strips was considered likely to 
attract excessive interest from animals such as sheep, sites were 
also established nearby which were only measured by photographic 
means. For example, in the case of a complex of several animal 
rubbings, some rubs were fully instrumented while other were left 
free of any instrumentation. In this way simple checks could be made 
to determine whether the presence of instrumentation influenced 
the behaviour of animals at that site. • The treatment of large bare 
patches was twofold. First, randomly positioned arrays of pins and. 
strips of painted ground were established. Second, the worst-looking 
areas were treated in the same way as trails and rubbings. 
Apparently, non-eroding areas adjacent to erosion form sites 
were checked for uniformity in terms of plant cover using simple step-
pointing transect methods which are described more fully in Chapter 7. 
These were then surveyed and samples using randomly positioned clusters 
of erosion pins. Photographic stations were also established to 
monitor the ground surrounding each cluster. Where a macro-uniform 
area, such as a Callunetum, ran right up to the edge of a feature 
such as a gully without any perceptible variations in ground and canopy 
cover, it was possible to extend lines of nails from the erosion 
feature onto the adjacent moorland. This was not possible at all sites, 
however, especially around sheep camps and scars merging into the 
surrounding vegetation 
6.4.3 Evolution and development of monitoring activities at 
different sites 
The erosion monitoring activities were initiated in April 
1975 and terminated in May 1977. During the course of this 
fieldwork period it became apparent that certain activities were 
more effective and more worthwhile than others. At some sites 
erosion pin data did not really need to be supplemented by 
information produced from observations of painted strips. Accordingly, 
the use of painted strips was phased out at such sites and more 
erosion pins established in eroding locations. Similarly, with time, 
a different sampling system was developed for each site using what-
ever combination of methods thought most appropriate. 
Initially, all observations were repeated on a routine 
monthly basis, but, it was soon apparent that some sites needed less 
frequent visits than others. Falls of deep snow prevented many sites 
from being visited for periods in the winter months, particularly 
the gullies where drifted snow lay very deep. By the second year of 
observations it was decided to visit sites only as required to 
maintain them in full working order. This was because it was feared 
that too frequent visits to the slopes might induce excessive erosion. 
However, for the purposes of obtaining some indications of overall 
rates of erosion at such sites, this presents no problems. In fact, in 
similar investigations of erosion rates, Imeson (1970) recommended 
that erosion pin sites should be disturbed as little as possible by 
the operator, and he only measured his own sites every six months. 
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Unfortunately, it was not possible to increase the total 
number of sample sites with time. The initial site selection was 
fairly ambitious and it was sometimes difficult even to maintain 
this number. 
6.5 Meteorological and hydrological observations 
From the outset of this study it was recognized that the 
results it produced would have to be interpreted in the light of 
the study period's meteorological and hydrological characteristics. 
Section 6.2 has already indicated that there was a possibility 
of the study period including one or more rare, catastrophic events 
which could result in the period as a whole being one of above 
average erosion. Likewise, there was a possibility of this period 
being one of erosional quiesence (Thornes and Brunsden, 1977). 
Clearly the study period can only be placed in' some form of climatic 
perspective by comparing its weather and runoff characteristics 
with longer-term records (W1man and Miller, 1960; Schuxnm and Lichty, 
1965). 
There are a number of meteorological and hydrological recording 
stations in and around the Lammermuirs whose records provide fairly 
long-term information concerning daily runoff and daily rainfall. 
However the scope of the information available from these stations, 
including those situated at Ibpes Valley and at the Whiteadder 
Reservoir pumping stations, is rather limited. For example, there 
are no records of local rainfall intensity; a factor considered 
potentially important in the context of the present investigation. 
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To ensure adequate information concerning this factor was at 
least available for the duration of the erosion monitoring 
activities, Casella 8-inch automatic syphon/rainfall recorders 
were installed at both localities. Their location was largely 
determined by the availability of electrical power outlets because 
it was necessary to heat them to prevent freezing during winter and 
autumn months. Standard British 5-inch check gauges were also 
installed at these sites, which were read daily by resident water 
board employees. These gentlemen also changed the automatic rainfall 
recorder charts every week. All of the rainfall recording installations 
conformed with Meteorological Office guidelines (Casella, 1974). 
Ideally, it would also have been useful to collect information 
regarding other meteorological factors which might influence the 
nature and intensity of erosion processes occurring during the study 
period, for example, soil moisture characteristics, ground temperatures, 
freeze-thaw cycles, and ground wind speeds. However, it was just not 
possible to collect satisfactory data in the time available for this 
work. It was felt that if necessary these factors could be evaluated 
on the basis of data from other meteorological stations situated on 
the fringes of the study area, such as Haddington or Eskdalemuir. 
Without help fromthe water board it would not even have been feasible 
to collect continuous rainfall data. 
It was also considered desirable to try to collect some 
hydrological information concerning the character of runoff occurring 
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in the Hopes locality. Therefore, an automatic streamfiow 
recording station was set up on the small stream running north from 
Lowrans Law towards West Hopes Farm, (NT 561624). This site 
was particularly suitable because it comprised a concrete culvert 
constructed by the water board. The water ran along a smooth 
bottomed channel with smooth vertical sides. A small "Ott" current 
velocity meter was used to produce the discharge data required to 
establish the stage-discharge calibration relationship in accordance 
with the guidelines laid down by British Standard 3680 ( British 
Standards Institution, 1964). Unfortunately, the streamf low recording 
apparatus was constantly broken-down. The most serious problem was 
the float freezing up in the stilling-pipe during the winter months, 
which was difficult to detect and rectify. 
6.6 Analysis and summary of field measurements and observations 
The fieldwork outlined above generated large quantities of 
routine observations and measurements. For example, the erosion 
monitoring activities at each site produced numerous sets of 
sequential photographs and a considerable volume of survey and 
erosion pin data. Similarly, the meteorological fieldwork provided 
a mass of measurements relating to rainfall characteristics. It 
is impossible to present all this original material in the present 
study, and moreover, there would be little point in doing so because 
the information is difficult to interpret in its raw state. This 
section describes how the field material was analysed and condensed 
to produce a series of concise, abstracts of results. The analysis 
and summary of the field information fell into 2 parts. The first 
was the estimation of the amount of soil loss at each monitoring 
site. The second was the summary and analysis of information 
relating to the erosive events and weather conditions of the study 
period. 
6.6.1 Estimation of overall character and intensity of erosion 
changes occurring at monitoring sites between May 1975 and 
May 1977 
6.6.1.1 Gullies 
The erosion monitoring work in each gully provided three 
different types of evidence ; sequent photographs, sequent survey 
data and erosion pin measurements. However, as mentioned earlier 
in section 6.1.1, the photographic and survey information was 
only collected in case the erosion pins were washed away by 
spectacular erosion. In the event, nearly every erosion pin remained 
intact at the end of the study period, and it was clear that no 
such catastrophic erosion had taken place in any gully site. In 
view of this, the estimation of the overall erosion changes in the 
gullies was based upon analysis of the information produced by the 
erosion pins, which is described below. 
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6.6.1.1.lAnalysis of erosion pin information 
Although numerous British and American authors have described the 
equipment and field procedures used in erosion pin monitoring (Schumm and 
Hadley, 1957; Schumm, 1956a, 1961, 1964; Schuxnm and Lusby, 1963; Slaymaker 
and Chorley,1964; Emmett, 1965; Leopold, Emmett and Myreck1965; Leopold, 
1967; Evans, 1967; Huds6n,1971; Dunne,1977; Haigh,1977a), and although there 
have been many papers published which mention erosion pin results 
:(,Schumm, 1956b,1964; Hadley and Schumm,1956; Corbel,1964; Hadley and 
Lusby,1967; Slaymaker,1972; Emmett, 1974; Lewin, Cryer and Harrison,1974; 
Barvey,1974; Haigh,1977b,1977c; Imeson, 1971, 1974, 1976; Imeson and Kwaad, 
1976; Imeson and Jungerius, 1974,1977), suprisingly little has been written 
about either the an alysis or summary of erosion pin information. Examination 
of published erosion pin studies suggests that there is neither a standard 
method of analysing observations nor a standard technique or abstracting 
and presenting erosion pin findings. 
One approach uses erosion pin measurements to derive simple slope 
lowering (slope retreat) data which can be presented schematically to show 
seasonal variations and overall retreat. This was adopted by early 
workers such as Schumm (1956a, 1956b) and Leopold (1956), and more recently 
by Imeson (1971,1974, 1976) and Haigh (1977a, 1977b,1977c). Others have 
frequently presented figures indicating average slope retreat, sometimes 
without even mentioning the number of pins employed (Lewin, Cryer and 
Harrison, 1974; Harvey,1974; Imeson and Jungerius,1977). 
Unfortunately, expressing erosion pin measurements 
solely in terms of net slope retreat has several important 
drawbacks which complicate estimation of the overall rates 
of erosion in a site such as a gully. The chief limitation 
which many studies have failed to point out, is that net 
slope lowering figures may not necessarily reflect the total 
flux of soil at the pin sampling point. This limitation was 
stressed by Leopold (1956, 1967), and Imeson (1974), also 
recognised it when he observed that it was impossible to use 
his slope retreat data to distinguish between organic matter 
accumulating at stable moorland sites and sites where material 
was being moved across sites from eroding slopes above. 
This and further aspects of the difficulties of interpreting 
slope lowering data are illustrated in Fig 6-H, which considers 
four hypothetical erosion pin situations. The first situation 
is completely stable, with no erosion of the soil around the pin 
and no flux of matieral across the site. The second situation 
shows the characteristics of instability, with removal of soil 
from around the pin and a relatively high flux of stones and 
soil moving across the site from eroded positions upslope. It 
should be noted that it is quite possible for pins at these two 
sites to produce exactly the same overall slope retreat figure. 
Similarly, the slope retreat data from the pins shown in the 
third and fourth situations would produce identical overall 
results, even though there is much more soil flux in the fourth 
situation. 
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The implication of the limitation outlined above becomes 
immediately apparent if one considers the hypothetical gully 
slope shown in Fig 6-I. This indicates typical slope retreat 
data obtained from lines and clusters of pins across a gully 
segment. considering these data collectively, it is possible 
to gain a general impression of the erosion of the soil at this 
locality. The figures appear to reflect erosion of soil from the 
undercut gully margin, transport across the gully side slope and 
deposition in the channel. However, it is certainly not clear 
from these data alone whether or not there was any soil loss from 
the gully side slope. Similarly, it is not clear whether there 
was any transport of materials over the slopes outwith the gully 
margin. Moreover, the data do not indicate whether any of the 
material deposted in the channel was removed by scouring. It 
is evident from this hypothetical example that a better estimation 
of the erosion at such a locality can be obtained il the net 
slope lowering data are viewed in the light of additional data 
indicating the flux of materials, preferably at each pin. This 
requirement was pointed-out by Schumm (1964), who used data 
derived from the observed movements of markers (painted stones, 
aggregates and bottle tops), to give a simple index towards soil 
flux. However, where there is a known sequence of erosion pin 
observations available for the duration of the study period, a more 
objective and more readily obtained index towards flux at each 
pin may be defined by the expression :- 











FIGURES INDICATE THE OVERALL NET SLOPE LOWERING INDEX 
FOR EACH PIN ( AE mm ] 
Fig. 6 - I Illustrating the potential difficulties involved 
in the interpretation of slope lowering data. 
(1.0) öfl1.0 
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F 	VALUES ....... (1.0) 
Fig. 6 - J 	The advantage of interpreting net slope lowering data 
in the light of net flux data ( LF values). 
Breakdown of slope erosion components after Imeson & 
Jungerius (1977). 
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where LF is the total flux index 
(te11ie2, "' Ae 
n 
 )  is the complete series of sequent net 
slope lowering values, derived from sequent pin measurements 
LE istheoverall slope lowering value (calculated by the algebraic 
summing of Aei,,Ae2, "' Ae 
n 
 ) 
The total flux index for a specific erosion pin (AF) thus reflects 
the ratio of the algebraic sum of the sequent net slope lowering 
values to the sum of the absolute values for the same series. Hence, 
for a completely stable situation, such as shown earlier in Fig 6-H, 
the total flux index would be 1.00. For situations with no net 
slope retreat but high soil flux, such as the second case in 
Fig. 6-H, AF would be . The third situation in Fig 6-H, also 
provides a L'XF index of 1.00, but is distinguished from the first 
situation by its LE value. The fourth situation in Fig. 6-H provides 
a AF value of more than 1.00. It follows, therefore that the 
erosion characteristics of any regularly measured specific erosion 
monitoring site may be determined by interpreting AE and 'values 
of specific pins. Moreover, if these values are presented 
schematically on a sketch of the slope profile, it is possible 
to carry out a thorough interpretation and summary of the overall 
components of soil loss, transport and depositon on any part of 
the specific slope section. This is illustrated in Fig 6-J, which 
presents both AE and AF values for the slope shown earlier in 
Fig 6-J. It is now clear that all the pin sites outwith the gully 
margin were completely stable. It is also apparent that whilst 
some of the pins on the gully side slope experienced no overall net 
slope retreat, there was nevertheless a flux of materials across 
this slope position. The data also indicate that there was no 
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removal of any material deposited in the channel at the foot of 
this slope. Fig 6-K shows how the most significant results from 
such a slope may be abstracted to summarise the findings relating 
to aspects of gully growth such as lateral enlargment, side 
slope erosion, and channel scour/accumulation (Imeson and Jungerius, 
1977). 
In view of the considerations discussed above, it was 
decided to compute the LE and AF values for each erosion pin used 
in and around the gully monitoring sites, as outlined below. The 
overall net slope retreat ( E), was simply obtained by adding 
together the series of changes monitored between May 1975 and 
May 1977. Positive values of AE indicate a net loss of materials 
and negative values signify a net accumulation of materials. 
Where pins were employed in clusters, it was necessary to simplify 
the amount of data by averaging the individual value of AE 
calculated for each pin in the array. This produced a single 
retreat value (), which summarised the overall slope retreat 
at that particular cluster. 
The procedure used to compute the AF index for each pin 
is summarised in Fig 6-L. This shows how the available field 
notes and measurements for a specific pin were Aued to derive a 
series of sequential slope lowering data (e 1 	2 
, te , Exe 3 . . . ie ), 
n 
for the period May 1975 to May 1977. Note, however, that in 
most cases there were many more field measurement visits than 
indicated in the simplified case shown in Fig 6-L, which only 
has six visits. Where clusters of pins were employed, the data 
from each pin were used to produce a mean flux index ( AF), to 
summarise the overall flux characteristics of the array. Examples 
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presented in Appendix 6.2 and Appendix 6.3, and a summary of 
this and other gully erosion pin data is presented below in 
Table 6.5 
Table 6.5 shows the magnitude and location of erosion 
changes in the various gully sites, tabled according to 
aspects of gully development such as headward retreat,. lateral 
enlargement, channel deepening, side slope erosion and fan 
extension. Fig. 6-M indicates the gully monitoring positions 
referred to in Table 6.5. It is evident from this summary table 
that no spectacular erosion changes occurred in any of the 
gully segments investigated. The 3 completely vegetated gullies 
were all stable, but some minor erosion activity was monitored 
in the bare and semi-vegetated segments of Whiteadder Central 
Gully and Red Scar Gully. This is described below in more 
detail. 
6.6.1.1.2 Nature of minor changes monitored in gullies 
(A) Whiteadder Central Gully 
At most points around the gully head, (Plate 6,111), 
there was undercutting of the overhanging margins. The greatest 
amount of sapping and undercutting took place at the uppermost 
part of the headwall, where a 1 m high wall of soil and sub-soil 
was overlain by a 1.6 m deep overhanging mat of heather twigs 
and roots. However, even at this spot there was only 280 mm of 
retreat over 2 years, which was not muthgreater than the average 
rate of gully edge retreat in this segment (180 mm! 2 years), 
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Table 6.5 Abstracts of overall erosion changes  monitored at various 
parts of 5 different gullies between May 1975 and May 1977. 
Whiteadder Whiteadder Whiteadder Red Scar Harestone 
Central West East Gully, Gully, 
Gully Gully Gully Hopes Hopes 
mm mm mm mm mm 
HEAD WARD RETREAT 
+ + 
At positions A +180*(E)+ 0 (S) 0 (5) +100(E) 0(5) 
B +100 (E) 0 (5) 0 (S) + 75(E) 0(S) 
C + 10 (E) 0 (S) 0 (S) + 85(E) 0(S) 
LATERAL RETREAT 
At positions D + 90 (E) 0 (S) 0 (S) + 50(E+A) 0(S) 
E +110 (E) 0(S) 0 (S) + 45 	(E) 0(s) 
F + 95 	(E) 0 (S) 0 (S) + 40 (E) 0(S) 
G +105 	(E) 0 (S) 0 (5) + 38 	(E) 0(s) 
NOTES 
+ Figure 6-M shows the location of each of these positions 
* The figures indicate the overall slope retreat or accumulation, 
expressed in mm. Positive values signify net erosion/retreat. 
Negative values signify accumulation. 
(5) Completely stable, (E) Eroding, (T) Transport (A) Accumulation, 
(A + E ) Accumulation and erosion 
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gully head 




Fig. 6 - ?4 Locations of gully monitoring positions 
cited. in Table 6.M 
Plate 6.111 (a) Whiteadder East Gully (left) and. 




Plate 6.111 (b) Head of Whiteadder Central Gully. 
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shown in Table 6.5. Not all parts of the gully headwall 
were eroding. There was little erosion at one or two small 
spots where the headwall had collapsed and been overgrown 
by plants and mosses, but such non-eroding margins occupied 
less than 10% of the upper segment margins. 
The aggregates and small stones removed from the bare 
margins of the upper gully segment were transported downslope 
and deposited in incised tributary channels (Plate 6.IV). 
The material deposited in these incisions was periodically 
flushed-out and transported further down the gully channel. 
A conservative estimate of the volume of soil, sub-soil and 
stones eroded from the actual head of the gully during the study 
period is 2.5 m 3 . 
The undercut margins of the upper and middle segments 
cut back at a rate similar to that for the gully headwall. 
Soil, stones, roots, humus, and other organic material were 
transported into the gully channel immediately downslope and 
accumulated as small fans at the foot of the slope facet. 
Pins monitoring the gully side slopes indicated that there 
was also a small, but widespread, removal of material from the 
steep, bare slopes forming the upper and middle segments. There 
was an average loss of between 90 and 110 mm of material from 
these facets. The greatest side slope changes took place in 
the upper segment, particularly around the major rills (Plate 
6-IV) (Appendix 6.2). For example, more than 400 mm of slope 
lowering took place at some locations. Even the bare ridge 
crests between the rills experienced soil erosion. However, 
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Plate 6,V Debris ciling up behind and covering grass 
tussock on hitead.dr Central Gully side slope. 
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not all points on the side slopes experienced net soil loss. 
Several pins monitored net deposition where material 
transported across side slopes was trapped behind obstacles 
such as plant tussocks (Plate 6.V). 
There was no major channel excavation in any part of 
the gully. However, minor scour and fill changes occurred 
in the upper segment,with a net lowering of up to 103 mm 
over 2 years. Further indications of minor channel changes 
included the undercutting of wattle fences and chicken-wire 
debris traps (Plate 6,VI). However, this incision appears 
to have only reworked loose debris accumulating in the floor 
of the gully. In the middle segment there was net accumulation 
of approximately 25 in3 of material derived largely from the 
head of the gully. Several pins and washers missing from rills 
at the head of the gully were discovered when digging pits in 
the debris which accumulated behind a barrier erected across the 
middle segment (Plate 6.VII). The layers of mud and coarse 
scree also contained painted stones and rocks eroded from the 
gully head. 
The movement of coarse material down the gully appeared 
localised and confined within the upper parts of the site. 
There was no indication to suggest that any material passed 
into the vegetated lower part of the gully. With the possible 
exception of some minor beach cutting during periods when the 
reservoir level was low, it would seem that this gully was not 
yielding coarse material into the reservoir, even though active 
erosion was taking place at its head. 
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Plate 6,VI Undercutting of wire 
fencing in bed of upper segment 
of Whiteadder Central Gully. 
This picture was taken on 
15th May, 1975 after a heavy 
rainstorm. Before-this event, 
there was no sign of any channel 






Plate 6.1111 Debris accumulating 
behind barrier stretched across 
the channel of the middle sement 
of Wi?Tier Central Gully . 
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- 4. 
Although the monitoring work in Whiteadder Central Gully 
was designed primarily to determine overall changes and was not 
specifically intended to produce a comprehensive appraisal of 
the erosion mechanisms associated with such changes, it is 
possible to make some brief comments on the character of the 
processes associated with the erosion changes described above. 
In the course of numerous inspections of the site it became 
apparent that several different processes were responsible for 
the changes monitored by pins and strips of painted ground. 
During Winter, and even in late Spring the bare slopes 
of the gully were frequently affected by the formation of 
needle ice (pipkrake), (Plates 6.VIII, 6.IX) similar to that 
described by Taber (1929, 1930), Beskow (1935, 1947) and James 
(1971). The photographs illustrate how the growth of a thin 
layer of vertically-orientated ice spicules in the upper layer 
of the slopes caused small stones and soil aggregates to be 
lifted up and loosened from the surface, leaving a honeycomb 
arrangement of voids beneath them. The vertical crystal 
growth indicates the direction in which heat was most rapidly 
transported away during frost. Such ground ice only forms 
when the surface is moist from rainfall, snowmelt or previous 
thawing of ground ice. The high silt content of the soil 
parent material (Section 2.4.1, Fig 2-H) and the small tabular 
character of the stone fragments make the slopes of Whiteadder 
Central Gully ideal for the operation of frost heaving. It is 
estimated that the ice needles shown in Plate 6.IX could exert 
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Plate 6.VIII 	Examole of needle-ice affecting the 
bare sloies of Whitead.der Central Gully in winter. 
rhis shot shows ground ice at the edge of the upper 
segment of the gully in early December, 1976. The 
pron of bare ground below an eroding rabbit hole 
is being heaved. Plants appear to have great 
difficulty colonising such areas. 
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Plate 6.IX Needle-ice affecting the oare slopes 
at the head of Whiteadder Central Gully. 
This illustrates the depth of needle-ice growth 
occurring in the study area during the Winter. 
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Mathews, 1967; Embleton and King, 1968). Such pressure appears 
to have been especially important in loosening the gully slope 
surfaces and reducing the strength of the sub-soil and weathered 
bedrock materials. On thawing, the honeycomb pattern of voids 
filled up with slumped soil and prevented stones from falling 
back into place. A succession of thaw-freeze cycles tended to 
lift stones and small isolated plant tufts to the ground surface 
and leave the gully slopes in a very fragile, loose and erodible 
condition (Heidmann, 1976). It was difficult to climb up a gully 
slope when the slopes were in this state, because one's boots 
balled-up in mud and skidded across the wet, heaved surface layer. 
Mud flow and mass movement frequently occurred in the 
gully without any stimulation from either human or animal activity. 
Plate 6.X shows the lobe of a typical small mudf low which deposited 
stones, scree and silt above an erosion pin following snowmelt 
in February 1977. These were common and widespread on all the bare, 
steep gully slopes. Three factors appeared important in initiating 
such movements : prolonged low intensity rainfall; heavy snowfall 
followed by snowmelt; and the thawing of needle ice. Of these, 
snowmelt and rainfall in Winter and Autumn appeared most significant. 
Particle fall was also observed to be active in many parts 
of the gully, particularly on the steeper slopes and around the edges 
and headwalls. This was particularly noticeable during the thawing 
of needle ice and after wetting and drying cycles in summer and Autumn, 
although the latter appeared relatively unimportant as a mechanism 
of erosion at this site. The lack of erosion changes during long 
periods of dry weather such as in the summer of 1975, suggested that 
Plate 6.X Erosion pin at base of gully side slope in upper 
segment of Whiteadder Central Gully. 
This pin and the grass tussock above it were covered by the 
toe of a small mudslide in February, 1977, following rapid 
melt of heavy falls of snow. The debris included assortments 




Elate 6.xi Incision of rills at head of gully 
Erosion pins and sequential surveying showed these upper 
rills were incised more than 35 cm in places in a single storm. 
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at this site at least, little slope erosion was directly 
attributable to the mechanical effects of rabbits and hares 
frequently observed running over the gully slopes. 
Erosion by the action of raindrops was directly 
observed on several occasions in the upper gully segments. 
Observations of painted strips of bare ground suggested that 
fine particles were moved slowly downslope by splashing, 
particularly during intense rain in May 1975 and September 
1978 when fine material was splashed up the sides of erosion 
pins to a height of more than 50 mm. However, the overall 
slope lowering caused by this process was negligible. The 
main effect of the splashing appeared to be the destruction 
of aggregates and the sealing of the soil surface with a 
thin crust of fine material, reducing infiltration and 
encouraging ponding and runoff. 
Erosion by running water was observed on several 
different occasions, especially in the upper gully segment 
during heavy rain. For example, one fall of 36 mm in 10 
hours on May 14th, 1975 caused considerable volumes of 
moorland runoff to pour into the gully head and occasioned 
rill incision and channel scouring. The erosion changes 
directly attributable to this runoff were determined because 
the site had been carefully examined immediately prior to 
the storm and was observed during and after this event. 
Small incipient rills on the bare slopes just below the gully 
head were incised by more than 35 cm in many places, as 
indicated by data from pins 43, 44 and 45 presented in Table 
6.2.3 (Appendixed) (Plate 6.XI). The torrents of red-coloured 
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water flowing down the gully bed transported a dexion bench 
mark more than 30 m into the middle gully segment, undermined 
wire netting debris traps and wattle fences erected in the upper 
parts of the gully bed (Plate 6.XII), and cut sharp-sided 
meandering channels some 1 m wide and 0.5 m deep. Pin 10 
was partly covered by a layer of fine particles which included 
numerous labelled particles derived from the adjacent bare 
side slopes. Much of the medium and larger sized particles 
eroded by the torrents were deposited in lobes of debris 
which accumulated behind netting and wattle fences in the middle 
gully segment. 
Taking all the available field observations from Whiteadder 
Central Gully into account, it appears that there was a marked 
seasonality of erosion processes at this site. In the summer 
months, side slope erosion occurred by splashing, sheetwash and 
mass movement. In the winter months mass movement processes were 
the most important together with some discrete particle fall. 
These seasonal tendencies were reflected in the appearance of 
the upper gully slopes and channels, but were not really reflected 
in the erosion pin data presented in Appendix 6.2 An annual 
ruling cycle was identified on the bare slope facets at the 
head of the gully. In Spring, the surfaces were largely smooth, 
the only discernible rills being the major nil lines, and even 
these were choked with debris. Gradually, throughout the Summer, 
ruling became more marked, particularly immediately following 
heavy rain storms. By the Autumn, the surfaces were incised by a 
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Plate 6.XII Undermining and bursting of barriers by 
storm runoff in the channel of Whiteadder 
Central Gully. 	Scouring out of gully 
channels by runoff seems to be one of the 
mechanisms by which the gully side slopes 
are periodically reactivated and allowed 
to cut down to a new base—level. If the 
material in the channel remained in situ, 
the floor of the gully would eventually 
fill up with scree—like debris, which 
might be colonised by vegetation. 
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complex and partially integrated drainage network of micro-
rills. With the onset of frosts during the late Autumn 
however, the surfaces began breaking up through needle-ice 
action and were destroyed by gentle rain and snowmeltinduced 
mass movements. By mid-winter the surfaces were fairly smooth 
once again. These surface processes appear to have gradually 
lowered the bare slopes throughout the entire gully and undermined 
the overhanging headwalls and sides of the bare gully segments. 
Headwall recession took place mainly by frost heaving and free 
fall of aggregates and stones following wetting. Piping along 
burrows also eroded small parts of the headwall, but was not 
widespread. 
There was no evidence of either wind or animal action 
causing direct erosion in Whiteadder Central Gully, although 
the sparse ground cover in the upper part of the gully may be 
partially attributable to the effects of rabbits and hares 
which were often seen grazing there. 
(B) Red Scar Gully, Hopes Valley 
Although no major changes took place at Red Scar Gully 
during the study period, there was some minor erosion which 
is outlined below. 
At the headwall approximately 100 mm of retreat took 
place over 2 years and there was between 75 and 85 mm retreat 
at the margins of the upper segment (Plate 6.XIII). Although two 
old overdeepened moorland drains feed into the gully head (Plate 
6.XIV), neither showed any sign of erosion during the monitoring 
KII] 
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Plate 6.XIII Head of Red. Scar Gully, Hones. 
The figure is standing at the uppermost part of the 
gully margin, where sheep trails and rubbings send 
cascades of loose scree and soil down towards the 
gully channel. The picture foreground shows details 
of an eroding set of criss-crossing trails and rubs. 
This photograph was taken in late May, 1975 when 
there was still plenty of snow lying in the north-
facing gully channel. Section 5.1.4 has already 
noted the persistency of snow in gullies with a 
northerly aspect. 
Plate 6.XIV 	Old hill drains feeding into the head of 
Red Scar Gully, Hopes. 
This aerial oblique shows the gully head in the lower 
left-hand corner, with a stable (heather and grass 
filled) overcleepened drain running directly into it. 
From this unusual angle, the gully appears to have 
been created as a result of drain-induced, erosion. 
However, the degradation of the steep side walls of 
the gully today seems to be due to other causes. 
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period. Headward retreat and enlargement of the gully head 
occurred in the zone between the drains where numerous sheep 
trails and camps coalesced and merged into the gully margins. 
These rubbings and trails increased in number and extent in 
the course of the study period. Eroding camps and trails 
in and around the gully edges supplied more than 2 m 
3
of 
stones and aggregates into the channel of the upper segment. 
Material cascaded 6 - 10 m downslope and came to rest in the 
channel below before being moved further down the gully. The 
erosion pin data presented in Appendix 6.3 indicate that there 
was some gully channel deepening in the upper gully segment, but 
this was relatively minor in severity and extent. Several 
long, ribbon-like rills were incised in the unconsolidates debris 
forming the bed of the upper segment, causing a minor deepening 
and extension of other rills feeding into the upper channel. 
Several lobes of fresh debris were deposited along the lower part 
of the bed of the upper segment, including labelled stones and 
aggregates derived from the head of the gully, some 25 m upslope. 
In the scree and rock-strewn bed of the bare middle segment 
few changes were detected, apart from some channel deepening and the 
deposition of a small number of rocks derived from the side slopes 
immediately adjacent. Clusters of pins along the margins of the 
middle segment indicated an average lateral retreat of approximately 
40 mm during the monitoring period. A maximum rate of retreat was 
determined on the east-facing margin where animal trails and rubbings 
merged into the gully edges (110 mm / 2 years). This spot appeared 
Um 
much frequented by ewes and lambs. There was little overall slope 
lowering on the facets forming the middle segment, but there was a 
high soil flux of material, derived largely from the undercut 
margins and trails crossing these steep bare slopes. 
No major changes took place on the complex fan of Red 
Scar Gully. However, where the Fenny Burn flowed around the base 
of the fan there was some minor stream undercutting which eroded 
away approximately 2 - 3 m 3 of material during spates. This 
material seemed to be the only sediment yielded into the burn by 
the Red Scar Gully during the study period. The material eroded 
from the upper segments was largely re-deposited in the upper half 
of the gully channel. Material removed from the margins and sides 
of the middle and lower segments accumulated within a few metres 
of its source in the dry gully bed. No evidence was found to 
indicate the occurrence of water running down the channel of the 
lower segment. 
In many respects, the range of processes operating in Red 
Scar Gully, Hopes appeared closely similar to that in Whiteadder 
Central Gully. Needle ice frequently formed in the Winter months 
and affected most of the bare and semi-vegetated slope facets. 
Rainfall and snowmelt were associated with mass movements, especially 
mudslides on steep facets. More rapid flowslides were also observed 
in the upper part of the upper segment after melting of heavy snows in 
the early Spring of 1977. Particle fall was also very important on 
many slopes, and in many instances was initiated and increased by 
animal activity. Ewes, lambs, rabbits and mountain hares were all 
seen to kick or push material downslope as they ran or walked across 
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the steep gully sides. This caused considerable flux of material 
when the slopes were in a delicate condition, as, for example, when 
they were saturated with moisture after rain or melting of snow 
and needle ice. 
Unfortunately, the erosion pin information shown in Appendix 
6.3 does not lend itself to a detailed analysis of the small changes 
at Red Scar Gully. The intervals between pin measurements were 
too great to attribute particular changes to specific events. 
However, it is possible to discern a broad seasonality in much of 
this data (see Appendix 6.3). Table 6.6 indicates the magnitude 
of changes monitored by specific pins on steep bare slopes in the upper 
and lower segments of Red Scar, together with comparable data from 
Whiteadder Central Gully. 	It suggests that relatively more erosion 
took place in the Summer and Autumn than in the Spring and Winter in 
Red Scar. This seasonality is not apparent in the data from 
Whiteadder Central Gully. It is tentatively suggested that the 
increased changes in Summer in Red Scar may reflect the presence of 
sheep and lambs. In the .ummer these animals grazed the gully and used 
the margins for shelter. They also used the gully edges for rubbing 
their backs in Summer to relieve itching caused by parasites, such 
as Blow Flies (Sarcophaga) ( Newbould, pers. comms, 1975). 
The overall impression gained from the erosion monitoring 
work in Red Scar Gully was that in the absence, of spectacular runoff, 
the changes in the gully were very localised and mainly caused by 
mass movements, particle fall and splashing. These processes operated 
on bare ground and semi-bare ground which sometimes appeared to have been 
either created or maintained by animal activity. Many parts of the 
Table 6.6 Broad seasonality of erosion at certain gully sites 
PIN NO. Gully Segment 	General AE = 	Ae1 , 	Ae2 	 ... te 	11 
Situation May 75 - Nov 75 - May 76 - Nov 76 - 
Oct 75 	April 76 Oct 76 April 77 
502 Red Scar Middle 	 .... 8 0 10 14 
515 Red Scar Middle 33 8 117 12 
516 Red Scar '.I Middle 275 3 ? 44 
527 Red Scar Middle 56 12 32 14 
576 Red Scar Lower ' 32 23 55 17 
582 Red Scar Lower 70 10 20 12 
583 Red Scar Lower 	. 	.- 49 0 20 4 
18 Whiteadder Upper 27 3 2 13 
Central 
12 Whitadder Upper 58 49 4 21 
Central 
5 Whiteadder Upper 89 91 18 0 
Central ... 
RAINFALL 	TOTALS 417 mm 	288 mm 521 mm 541 nun 
(Hopes Data) 0 
402 
gully were completely bare and it would be difficult to determine 
the original foci for erosion on such facets. However, at the 
head of the gully and in parts of the lower and middle segments, 
it was apparent that the original foci for erosion were animal 
trails and rubbings such as those depicted in Plate 6.XV. It is 
quite conceivable that in time such partially vegetated slopes 
might become completely bare and devoid of any signs of the 
original points of erosion. In fact, detailed observations of 
parts of the lower segment and the head of the gully suggested that 
during the two year study period there was a definite but gradual 
trend towards an increase in the number and extent of animal 
rubbings and trails, with a concomitant increase in the proportion 
and extent of bare soil and stones. 
6.6.1.2 Erosion at other site types 
The fieldwork information from scars and borrow pits was 
analysed and summarised using the same procedures as for gully 
sites. Table 6.6 summarises the changes observed at various scars 
and borrow pits, arranged according to headward retreat, slope 
retreat and basal extension. It indicates no changes on the completely 
vegetated scars. However, there were some minor changes on the semi-
vegetated and bare scars such as West Hopes Scar, some of which are 
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The roots of very old birch trees have been exposed by 
soil erosion within the last 150 years. Close inspection 
of such eroding slopes shows that erosion has often been 
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This trail has eroded., leaving the birch roots -dangling 
in mid-air. The removal of the soil has also left grass 
tussocks standing proud on soil pedicels. It is easy to 
imagine that many of the bare slopes in the upper part of 
Red Scar may have been eroded initially along such foci. 
Plate 6.xV Animal trails and rubs appear to be the foci 
for the erosion and re-activation of the gully side slopes 
in the lower segment of Red Scar Gully. 
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Tble 6.6 Abstracts of overall erosion changes monitored at various scars. 
HEADWARD RETREAT SLOPE RETREAT BASAL UNDER- 
CUTTING 
(Figuresinmm a 	b 	c d 	e 	f h 	i 
as in Table 6.5) - - 
West Hopes Scar +125 +105 +80 -70 -100 -130 0 0 0 
e e e e+d e+d d S s S 
Boathouse Scar +90 +85 +87 +10 -40 -63 +9 +56 -67 
e e e e+d e+d e+d d+e e+d d 
Shepherd's Scar +10 +283 +15 -15 -20 -10 0 0 0 
e e e d+e d+e d s s s 
Hopes Hill Fort +95 +90 +82 -60 -119 -7 0 0 0 
Scar e e e d+e cl+e d+e s S S 
Blinkbonny Scar 0 0 0 0 +10 -8 -30 0 0 
(vegetated) s s s s e d d. s s 
Susan's Scar 0 0 0 0 0 0 0 0 0 
(vegetated) s s s s s s s s s 
George's Scar -i-6 +27 +53 -19 -29 -45 -100 -16 0 
(c.  e e e d e-e-d d d d s 
Hut Quarry .10 0 +25 -68 0 -10 0 0 0 
Scar e s e d e+d d s S S 
6.6.1.2.1 Nature of minor changes determined in scars 
(a) West Hopes Scar 
The monitoring activities at West Hopes Scar (Plate 6.XVI), 
indicated a slight increase in the extent and number of animal 
trails and rubbings around the head and sides of the scar between 
May 1975 and May 1977. This increased the overall extent of the 
scar by approximately 5%. Some rubbings on the western margins 
extended laterally by approximately 2 m. Others at the eastern 
side extended 1 m. 
Erosion pin measurements and observations of lines of 
painted ground revealed a removal and transfer of material from 
the top of the scar to the base. The largest changes were associated 
with animal tras and camps at the head of the scar. Plate 6.XVII 
shows a typical closely monitored part of the site. Fig 6-N indicates 
the positions of a line of erosion pins running down this slope. 
Appendix 6.4 summarises some slope retreat data available for these 
pins. It is apparent from these data alone that an important source 
of eroded material was the cave-like sheep hollow at the head of this 
part of the scar (Plate 6.XVIII). Pins monitoring the back of this 
hollow, such as pin 105 in Fig 6-N revealed it retreated more than 
130 mm over two years. However, the roof of roots and topsoil did 
not collapse as a result of this undercutting, so there was no change 
in the surveyed plans of the upper margins of this site. 
It is estimated that more than 1.5 m3 of loose stones and soil 
was eroded from the sheep rubbing at the head of the scar alone during 
the monitoring period. However, although there was considerable flux 
of materials on the slope facet immediately below the rubbing, 
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elate 60XV1 General view of West Hopes Scar, Hofles, 
rhere are many such sites in Hopes Valley with cniss-
crossing animal trails, rubbings and screes. Most 
scars are situated on steep (30 0 - 35) riverside 
bluffs, just below breaks of slope. 
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Plate 6.XVII One ci' the closely monitored sections 
of West Hones Scar. Fins 101 — 144 monitored this 
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NO VERTiCAL EXARATI0N 
West Hopes Scar 
erosion pin trant 'A' 














Data from duster of pins around 
pin 105 
MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 
1975 	 >1 	 1976 
Fig. 6-0 Seasonality of retreat of head of West Hopes 
Scar, as indicated by cluster of rins around pin 105. 
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Plate 6. XVIII Cave—like sheep "burrow" at top of Dart of West 
Hopes Scar. This hollow was often seen to be used by sheep 
sheltering from the sun in Summer, and from the wind and rain 
and snow in Winter. It was enlarged by sheep rubbing teir 
backs in the Summer, sending debris cascading thnislope 0 The 
trails below the apron were also eroded and sent material downslope. 
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Plate 6.XLX Shepherd's Scar, West Hopes. 
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net deposition at most points below the bare animal camps and 
trails, particularly at the base of the scar where heavy rocks and 
stones eroded from the rubbing above came to rest. There was no 
evidence to suggest any coarse material was removed from the base of 
the scar, even though this lay very close to a stream. 
on the basis of the available field observations, it seems that 
the soil erosion and transport processes operating at West Hopes Scar 
were remarkably similar in character to some of those already described 
for parts of Red Scar Gully, with free-fall of particles and mass 
movement playing the most important roles, assisted by frost heaving 
and splashing. At West Hopes Scar these processes appeared greatly 
enhanced by animal activity. Sheep and lambs spent much time on the 
upper parts of the scar throughout the monitoring period. In Winter, 
ewes were frequently found sheltering inside the hollows to avoid 
harsh winds, frosts and rain. This occupancy caused the aprons of 
bare ground in front of the rubbings to be heavily trampled and churned 
up. In Spring, some ewes gave birth in the hollows. The lambs and 
ewes were subsequently responsible for kicking quantities of soil and 
stones downslope as they walked and ran across the scar. In dry periods 
in Summer when the animals sheltered from the sun in the hollows, the 
disturbance of a single stone or clump of earth on the scar was seen 
to occasion the movement of many other particles. Lambs running across 
the scar often started small rapid streams of debris lasting several 
seconds which transported stones and clods of soil towards the 
base. Sheep travelling across the slope also affected the intermittent 
movement of flat stones in the chutes which tumbled down through the 
tussocks of heather and grass below the sheep rubbings and trails. 
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In addition to the effects of hooves on the slope, there was 
also a significant effect caused by sheep rubbing themselves vigorously 
in the hollows and camps at the head of the scar during the dry summer 
months between June and September. Certain animals were often seen 
frantically rubbing themselves to relieve itching on their backs caused 
by insect parasites such as blowflies (Sarcophaga). Sheep abrasion 
in the heaut is reflected by the marked seasonality of headward retreat 
(Fig 6-0), the greatest rate of which occurred in July and August. 
Further evidence indicating the erosivity of sheep abrasion was discovered 
when the flock at West Hopes was inspected during annual shearing. Some 
ewes had several kilogrammes of small stones and soil aggregates contained 
within their fleeces. However, it appeared that only a few animals in 
this flock were particularly active rubbers, these being the ones which 
were most affected by parasites. Nonetheless, the regularity of such 
erosive sheep activity is indicated by the fact that shepherds at West 
Hopes Farm have always had to shear their animals using hand clippers. 
Their Blackface fleeces are usually so soil and stone-ridden that electric 
shears just cannot operate. This is also true of many other hilisheep 
flocks in the Lammermuirs and surrounding regions (Director, Hill 
Farm Research Organisation, pers. comm., 1977), and seems to have been 
an even greater nuisance in the past before the advent of effective 
sheep dips. Certainly habitual rubbing by specific ewes seemed to be 
a significant mechanism for maintaining and gradually enlarging the 
upper edges of West Hopes Scar. 
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Shepherds Scar, West Hopes 
The results from Shepherd's Scar (Plate 6.XIX) suggest that 
the ea5tern part of this site was undergoing minor changes similar in 
magnitude and character to those described above for parts of West 
Hopes Scar. The most noticeable changes occurred below the point where 
sheep had formed a small camp by enlarging a system of rabbit holes. 
Erosion pin information indicated that this sheep camp retreated 
28 cm, causing part of the overhanging root mat to collapse onto 
the apron of bare ground at the top of the scar. 
By and large, there was no significantremoval of soil material 
at those points on the scar surface which had either a good vegetation 
cover or a springy mat of charred litter and moss filaments which had 
survived the previous muirburn. However, this protective mat of plants 
and burnt litter was worn away in places where sheep had camped and 
trailed and these spots were subsequently eroded. 
Although the upper parts of Shepherds Scar were eroded slightly, 
it appeared that little or no coarse material was contributed to the 
small stream running past the foot of this scar. 
Boathouse Scar (near Wester Shearnie Cleugh), Hopes Valley 
The erosion changes observed at Boathouse Scar (Plate 6.XX), 
were also similar in magnitude to those noted at West Hopes Scar. 
However, unlike West Hopes Scar and Shepherds Scar, Boathouse Scar 
appeared to periodically contribute relatively large quantities of 
mud, stones and dead plants into the stream flowing across its base. 
On several occasions, soil was seen slumping into the stream during 






Plate 6.XX Bo athouse Scar, 1-lopes. 
This scar occurs just upstream from where 
Shearnie Cleugh flows into Hopes Reservoir. 
The lower photograph shows a small part of 
this scar which was found to be contributing 
into the stream at its base. The upper 
photograph shows the uprer part of the main 
scar where debris tumbling downslope in the 
Winter of 1975/76  came to rest on snow patches. 
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slumping occurred after periods of heavy ground frost. In the 
dry spells of Summer, labelled stones tumbled into the stream from 
the head and other sections of the scar. 
The greatest single contribution of debris observed at this 
site occurred in early September, 1976 during a period of fairly 
intense rainfall and rapid runoff. This event left painted stones 
scattered in the streambed leading down to the Hopes Reservoir. 
Some painted stones from the middle of the scar were even found on 
the alluvial fan where Shearnie Cleugh enters the reservoir. 
It is estimated that approximately 1 - 2 m3 of soil material 
and head was yielded by this erosion feature into the stream during 
the study period. 
Hill Fort Scar (Fennie Burn), Hopes Valley 
The changes monitored at this scar were remarkably similar in 
character to those observed at Boathouse Scar. Coarse material 
periodically rolled or sloughed into the stream at the base of the 
scar. 
Hut Quarry Scar, Hopes Valley 
There were few erosion changes at Hut Quarry Scar (Plate 6.XXI). 
Surface lowering and headward retreat only took place on the barest 
slope sections. Those parts of the slope covered by litter and 
vegetation were quite stable, and were remarkably free from frost-heaving. 
Many of the edges of this feature appeared to have been colonised 
and stabilised by plants in the absence of sheep grazing. However, 
where rabbits had tunnelled along the scar's margins (Plate 6.XXII), 
localised erosion was still taking place. Direct observations revealed 
that deer frequently camped and grazed on and around this site, especially 
during the coldest parts of the Winters. Nevertheless, the deer did not 
Plate 6.XXI Hut Quarry, Hopes 
This borrow-pit was made during the construction 
of Hopes Reservoir, which was opened in 1933. 
Its side-slopes bear striking similarities with 
many gully slopes in the Hopes area, but unlike 







Plate 6.XXII Head of But Quarry 
Numerous rabbits have tunnelled into 
the overhanging margins around the 
upper parts of Hut Quarry. Large 
volumes of scree—like debris have been 
excavated and pushed clownslope. 
This picture shows part of the margin 
to the right of the ranging rod shown 
in Plate 6.XXI, where tunnels have 
been dug along the margin. 
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appear to be of any importance in the erosion of the bare slopes. 
6.6.1.2.2 Isolated sheep rubbings, camps and trails. 
Analysis of the erosion pin information from the numerous 
isolated rubbings, camps and trails monitored in Hopes Valley suggests 
that the majority of these sites showed little severe erosion during 
the study period. For example, 27 small, bare rubbings in the pastures 
at the rear of West }bpes Farm were investigated and the greatest 
change determined was less than 80 mm headward retreat over 2 years. 
Most of these rubs appeared more or less unchanged at the end of the 
study period. Similarly, other rubbings at the edges of Land Rover 
trails and road cuttings examined on other parts of the Hopes Estate 
changed very little, with maximum headward retreat approaching 100 mm! 
2 years. Some more notable erosion changes were monitored in and 
around the collection of trails and rubs known as Kingside Camp, 
and are described briefly below. 
(a) Erosion changes at Kingside Sheep Camp 
Small scale erosion changes were observed at many parts of 
Kingside Camp (Plate 6.XXIII). For example, between 100 and 250 mm 
headward retreat occurred all along the bare overhanging margins at 
the head of the camp. Erosion was greatest where animal trails from 
the surrounding hillside focussed on the upper areas of bare rubbings 
and screes (Plate 6.xxIV). On the basis of information from erosion 
pins and painted stones, it is estimated that approximately 1 m 3 of 
soil was eroded from the head of the camp during the study period. 
Much of the coarse material moved several metres downslope as a 















Plate 6.XXIV <inside Camp. West Hopes 
At the head of the camp numerous animal 
trails converge onto the bare scree—like 
area shown here. It is evident from this 
illustration that the original foci for 
erosion may not persist if erosion is 
accelerated. For example, the sheep rub 
in the foreground of this shot may be 
eroded away altogether, leaving a smooth 
slope profile. This removal of original 
clues to the cause of erosion at a site 
may be relevent in the interpretation of 
causes of erosion elsewhere. 
Some of the many erosion pins used at 
this site can be seen on and around the 
relict sheep rub in the foreground. Fresh 
fleece can also be seen. 
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Observations suggested that the focal points for fresh erosion 
in and around the head of this camp were numerous sheep trails and 
rabbit holes which grew both in size and numbers during the study period. 
Many rabbit holes around the camp were instrumented with pins and it 
was clear that these were being enlarged by sheep and converted into 
lunate and crescentic sheep rubbings just like the ones found in the 
middle of the camp (Plate 6.XXV). Some of the original rabbit holes 
were virtually unrecognisable as such by the end of the study period, 
indicating a relatively rapid rate of local erosion at this site. 
Net slope lowering and retreat at some incipient rubbings approached 
400 rnrn/2 years. Net deposition on the fans below such excavations 
varied between 20 and 100 mm/2 years. 
Arrays of erosion pins, strips of painted ground and spray 
painted tree roots on the central portion of the rub revealed that 
several relict rubbings (Plate 6.XXVI) retreated more than 300 mm 
in 2 years. Between 10 and 100 mm net slope lowering occurred over 
the central portion of the camp as a whole, with particularly high rates 
of erosion around incipient rubbings on the sheep trails feeding into 
the side of the camp. Labelled particles from these positions moved 
down towards the foot of the camp, but there was no significant 
extension of the nettle-covered fans and bare areas at the base. Most 
of the scree materials moving down from the upper parts of the camp 
appeared to be deposited on the lower fifth of the camp. Between May 
1975 and May 1977 there was a marked decrease in the percentage of 
vegetation cover on these lower slopes, as lobes of stones and soil 
covered up the grass and nettles. No coarse material was fed into 







General view of the complex 
of sheep ruJs, camps and trails 
oomorising ingside Camp. 
The old tree provides shelter 
from the sun in Sum - er. 
Ciose—up of the scree below 
an eroding sheep rubbing 
in the middle of the camp. 
iote the poor viour of the 
heather being covered—up by 





The margins of the camp 
appear to be extending 
slowly into the adjacent 
heather moorland, particuLarly 
along tavourea tracks. 
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Close—up view of the bare 
scree shown in the illustrat10.1 
above. This sho-ws some o: 
the welding rods used to 
monitor net slope retreat. 
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Plate 6.XXV The nature of the vegetation and ground surface at 
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Plate 6.XXVI 	ErodinF relict sheep rub:ifl3. 
:onitoring uork showed that several of the relict 
rubbings on Kin,-side Camp retrected more than 300 mm 
in two years. In time there will be little sign of 
many of these features. The red pen marks a soil 
pedicel below a grass tussock, which suggests more 
than 150 mm depth of soil has been removed from 
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The processes observed in and around Kingside Camp were 
similar to those outlined earlier from observations of scars and 
rubbings associated with gullies. At Kingside Camp, the effects 
of sheep and rabbits seemed particularly important in the gradual 
extension of bare ground and scree. Large quantities of fresh fleece 
and dung at this site suggested an unusually high occupancy by 
sheep. Field observations also indicated a high population of 
rabbits. On one occasion, the author counted more than 50 rabbits on 
the camp, with many more on the adjacent hillside. Sheep enlarging 
rabbit holes next to trails appeared a mechanism by which the camp 
was being enlarged gradually. 
The older rubbings in the centre of the camp were completely 
bare and coallesced to form large patches of scree and bare ground 
where processes such as splashing and mass movement might operate. 
Wind erosion also occurred on these bare patches. In May, 
1976, after a very hot dry spell, the author observed fine dry soil 
aggregates being blown away from the aprons of the rubbings at this 
site during strong winds. However, the significance of this process 
is not tlear from these observations. 
6.6.1.2.3 Large bare patches of hillside screes and bare ground (sheet 
forms). 
Observations and measurements of erosion changes at sites such 
as the West Face of Hopes Hill Fort (Plate 6. OVII), indicated that the 
overall character and intensity of erosion occurring at the barest parts 
of this type of site were very similar to those of changes already out-
lined for individual sheep rubbings, camps and trails in Hopes Valley. 
The field observations suggested that these large bare and semi-bare 
patches of hillside were eroding in much the same way as one would expect 
a complex of individual rubbings, camps and trails, with particle fall 
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Plate 6.XXVII South—west face below HoDes Hill Fort. 
Aerial oblique showing the extensive area of bare and 
semi-vegetated hillside dotted with nu.nerous animal 
camps and rubbings and criss-crossed by many eroding 
sheep trails. 
Photograph below shows close-up of one of the more 
vegetated patches of ground in the centre of this 
site which was monitored using erosion pins and spray 
paint. 
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and mass movement being the predominant processes of erosion and 
coarse material transport. Parts of the West Face of Hopes Hill 
Fort also appeared to suffer losses by wind erosion, but it was 
not clear how great such losses were. 
6.6.1.2.4 Reservoir Bank Erosion 
The erosion form mapping described earlier in Chapter 3 did 
not include reservoir banking scars because they were sometimes 
difficult to discern on areal photography. They were not originally 
considered potentially important contributors of eroded sediment. 
However, the monitoring work suggested that significant erosion 
occurred at some bare, cliff-like reservoir banking scars in the study 
area. For example, Fig. 6-P compares 1968 plans of the southern 
margin of the Whiteadder Reservoir (made by water board engineers), 
with similar plans of the site in 1976, and suggests that thousands 
of cubic metres of soil and solifluction head material were eroded 
from the high, vertical banking scars during that period (Plate 6.XXVIII). 
The magnitude of the overall retreat is also indicated by the collapsed 
fencing shown in Plate 6.XXIX. The fence was erected in 1965. Since 
then, more than 8 m of bank retreat has occurred, eroding away hundreds 
of tons of material. 
Arrays of long erosion pins driven horizontally into the bare faces 
of the banking scars at Whiteadder Reservoir were all quickly eroded Out. 
However the magnitude of the changes during the study period can be 
determined from sequential surveying of samples sections of the banking 
(Fig 6-Q). It estimated that approximately 2,300 m3 of material was 
eroded from the banking scars at Whiteadder Reservoir during the study 
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Fig. 6—Q. Survey of ercsion alonE a 20 rn section of the south bank of 
Whiteadder Reservoir. 	Between Vay, 1975 and July. 1976 more 
than 100 cubic metres of material was lost from this sectic 
of hankin alone. 
- 	'•.p .  v-.; - ' • 	-. 	•. 	 - 
: 	 • 
• 	 w 
v. :: •: 
- e• 	••_' 
.• 	•,•• ,.,' 	.t. 
• __ 
Plate 6.XXVIII The eroded banking scar at Whiteadder, 
Plate 6.XXIX CollaDsed fencing posts indicate the 
anitude of the material eroded from the reservoir 
banking scars at Whitead'ler. 	iot of the debris which 
is eroded from this banking is transported away, but 
the re.ains of this fence show that a considerable 
volume of soil and head has been lost from this site. 
period. This represents a total sediment contribution of 3,700 
tonnes of material into the reservoir over the two year period. 
Two important erosion mechanisms appeared to operate at 
the margins of Whiteadder Reservoir during the study period. 
First, during heavy rainfall, snowmelt or the thawing of ground 
ice, there was free fall of rocks and soil aggregates from the 
bare walls of the bank. This occurred mainly in the Winter and 
early Spring. Large fresh falls were particularly noticeable in 
January and February, 1977 when the surface of the reservoir was 
frozen solid and material fallen from the margins lay on the ice at 
the base of the banking. There were large collapses of topsoil and 
plants in the Summer months. These were noted because the reservoir 
top water level was several metres below the base of the banking at 
such times. 
The second important mechanism was the physical erosion of the 
base of the banking by wave attack. In the Winter of 1975/1976 and in 
late March and early April, 1976 large waves were observed pounding 
the reservoir banking scars during north-westerly gales. This caused 
considerable damage to the banks and induced numerous large scale 
rotational slumps. One large slump in April, 1976 occurred at a 
site which had been surveyed in February, 1976. More than 200 m 3 of 
soil and head slumped along a shear line consisting of a thin layer 
of red clay, causing 1.5 to 2.0 metres of bank retreat in a single, 
rapid event. 
One serious consequence of the bank retreat and wave action at 
Whiteadder was the rapid accumulation of hundreds of tons of rock 
and rubble around the dam overflow, impairing the efficiency of the 
dam spillway. In October, 1976 water board engineers had to remove 
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500 tonnes of rubble from around the spillway tower at a cost of 
more than £2,000. At the end of the study period, the spillway 
was choked with debris once more, and the engineers anticipated 
that they would have to remove this yet again. The erosion of 
the banks at Whiteadder Reservoir was the most serious case of 
active erosion encountered anywhere in the study area. 
Reservoir Bank Erosion at Hopes Reservoir 
Erosion monitoring work was also carried out on the bare and 
semi-bare slopes on the steep southern banks of Hopes Reservoir 
(Plate 6.xxx). The magnitude of erosion changes and the processes 
occurring at this locality were similar to those already noted at 
sites such as West Hopes Scar. The gentler sloping sections of the 
bank at Hopes Reservoir did not appear to be contributing significant 
amounts of debris into the Hopes Reservoir. 
6.6.1.3 Sites representing non-erosion form areas 
Table 6.7 summarises erosion pin information from numerous sample 
sites selected to represent a variety of non-erosion form situations within 
Hopes Valley. By and large, randomly positioned pin arrays on patches 
of woodland, scrub, grassland, moorland and improved pasture suggested 
that, even on steep slopes, there was no significant erosion wherever 
the ground was protected by litter or plant cover. These findings are 
in keeping with these from the vegetated gully slopes which were mentioned 
earlier. 
Some of the non-erosion form sites did experience slight erosion 
however. These sites included freshly burnt patches of moorland. 
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Table 6.7 Summary of erosion pin information from sites 
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Details of changes monitored at one such site are briefly outlined 
below. 
Changes at Site M6B 
Site M6B at Hopes Valley (Plate 6.XXXI), was selected to 
investigate erosion changes on a moderately steep (25 - 30) 
freshly burnt moorland slope. The site was burnt by the local 
shepherd on March 6th, 1976 and erosion pins and spray paint were 
employed to monitor this habitat from March 9th, 1976 onwards. 
Between March 9th, 1976 and May 20th, 1977, a mean slope 
lowering of 10 mm took place at this site. However, some of this 
lowering reflects the removal of burnt and charred fragments of 
surface litter rather than soil aggregates. More than 90% of the 
100 randomly located erosion pins used at this site experienced 
some form of erosion or deposition. One of these recorded more 
than 70 mm slope lowering. 
Some slope lowering data obtained from a line of systematically 
spaced pins running down the centre of this site are presented in 
Appendix 6.5. Whilst erosion changes took place throughout the 
period of monitoring, the greatest changes occurred in the Summer 
on or below series of sheep trails and rabbit burrows which continued 
to be used by the animals after the burn. The processes of erosion 
taking place at these spots resembled those associated with trails 
and burrows at Kingside Camp, described above. 
Perhaps the most significant change monitored at Site M6B 
was the rather insidious removal of burnt litter filaments and 




Plate 6.XXX The eroding barking scar at Hopes Reservoir. 
i-late 3.Xt;. 
This patch of moorland was closely monitored before and 
after burning. Two years after the burn the site was 
recolonising with Vaccinium myrtillus. While the ground 
surface was only covered with burnt litter and moss, there 
was some erosion of specific parts of the slope, particularly 
along animal trails and around rabbit burrows. 
432 
conditions in the summer of 1976. The removal of fine material by 
wind was observed directly by the author on several occasions. 
The erosion of burnt litter caused a gradual increase in 
the proportion of scree, stones and bare soil exposed on the ground 
surface. Where parts of stones buried in the original surface had 
been spray painted, it was observed that several millimetres of 
material was sometimes removed from around the stone, leaving a 
distinct erosion pavement of fresh, unpainted sections of stones 
and scree. This fresh scree bore a strong resemblance to that 
found on parts of Shepherds Scar and West Hopes Scar. 
6.6.2 Analysis of Meteorological Information 
With the one exception of the reservoir bank erosion at Whiteadder, 
the monitoring results outlined above show that little drastic erosion 
occurred at any of the sites investigated between May 1975 and May 1977. 
The absence of catastrophic erosion could reflect either a low 
erodibility or these sites, or a paucity of erosive meteorological 
events and conditions during the short study period. In order to 
interpret these findings, it is important to consider whether the 
study period was normal or abnormal in terms of erosive events and 
weather conditions. It is the purpose of this section to try to 
place the monitoring period into a clearer perspective through the 
analysis of both long-term meteorological statistics and field 
measurements. 
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6.6. 2.1 Precipitation 
Earlier discussions have suggested the importance of exceptionally 
heavy rainfall and consequent runoff as factors in the erosion of gullies 
and other erosion phenomena in the Lainmermuirs. The watching brief in 
Whiteadder Central Gully revealed that channel scouring and rilling 
provided a mechanism for transport of debris and permitted further 
erosion of bare slopes by other processes. Furthermore, intense rainfall 
was also observed to cause splashing and the removal of fine material 
in suspension from bare ground. In view of this, the character of the 
precipitation occurring during the study period must now be examined. 
Fig. 6-R shows annual precipitation amounts at West Hopes for 
each year since 1926. The six years preceeding the study period were 
all drier than average, with 1973 being the driest in the 53 year record. 
In 1975, annual precipitation was once again below normal. However, 
although 1976 was the driest year since 1780 in many other parts of. 
Britain (Perry, 1976), the annual precipitation at West Hopes in 1976 
was only slightly below average. Nineteen-seventy-seven was slightly 
wetter than average at West Hopes. Since the study period began in 
May 1976, it is useful to consider separately the precipitation falling 
at West Hopes in the first and second years of monitoring (Table 6.8). 
Table 6.8 reveals that Year I(May, 1976 - April,1976), was exceptionally 
dry at West Hopes. Analysis of long term information from other Scottish 
stations suggests that this was probably the driest twelve month period 
on record in Scotland since 1727 (Weather, 1976). In contrast, Year II 
was 16 % wetter than average at West Hopes. 
Variations in the seasonality of annual precipitation are of 
considerable importance in the context of erosion. In view of this, 
it is interesting to compare the long term monthly precipitation 
statistics for West Hopes with the monthly precipitation occurring 
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1500 	Annual Precipitation at West Hopes (1926 - 1978) 
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Fig. 6—S 	Variability of monthly Precipitation at West Hopes (1926-1977). 
Table 6,3 Monthly precipitation data for West Hopes (mm) between May,1975 and April, 1978 
MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR TOTAL 
1975 - 6 72 47 56 50 166 27 46 13 51 38 92 48 706 
(YEAR I) 
1976 - 7 57 10 45 47 146 217 42 93 136 158 82 44 1077 
(YEAR II) 
1977 - 8 46 142 19 96 55 86 87 47 121 87 76 69 931 
LONG-TERM 
AVERAGE 73 61 83 94 81 96 92 81 88 62 60 60 931 
(1916-1976 DATA) 
Table 6.9 Monthly precipitation data for Whiteadder Reservoir (Hungry Snout), (imu) 
MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR TOTAL 
	
1975 -6 	 109 	54 	56 	73 138 	22 	39 18 	56 41 	96 	55 	757 
(YEAR I) 
1976 - 7 	 63 15 	38 	45 161 197 	37 	97 152 131 	90 35 	1061 
(YEAR II) 
1977 - 8 	 77 128 	19 	82 	65 	98 	80 54 145 117 	75 	71 	1011 
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during the study period ( 	 Fig 6-S). The majority of 
months in Year I were drier than normal. December, 1975 was the 
driest December at West Hopes since records began in 1926. The 
winter of 1975/6 was probably one of the six driest winters in 
this region in the last century. However, although Year I was 
exceptionally dry, it also contained two considerably wetter than 
average months. September, 1975 was the third wettest September 
recorded at West Hopes and March, 1976 was also particularly wet. 
Year II included several exceptionally wet months. There was 
a notably wet spell in Autumn, 1976 (Ratcliffe, 1977). September, 
1976 was much wetter than average, with October, 1976 being the 
wettest October recorded at West Hopes. Exceptional precipitation 
also occurred in the first three months of 1977. February, 1977 
was the wettest February on record at West Hopes. However, although 
Year II was very wet, it also included several.months with. particularly 
low rainfall amounts. June, 1976 was the driest on record at West 
Hopes. July, August and November, 1976 were also unusually dry, 
but not nearly so dry as in England and Wales. 
In view of the unusually dry and wet spells during the erosion 
monitoring period, it is important to examine the normality of the 
magnitude and frequency of short term precipitation events. One 
simple way of doing this is to consider daily precipitation data 
(Smithson, 1976). Fig 6-T shows daily precipitation recorded at 
Hungry Snout during the study period. It shows that there were 
numerous days with up to 10 mm precipitation and several days. 
with falls of more than 20 mm. However, only a few days experienced 
falls of more than 25 mm. The largest daily fall at Hungry Snout 
was 57.5 mm on September 9th, 1976. Table 6.9A summarises the 
number of days with specified amounts of precipitation at Hungry Snout 
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Table 6.9A 	Daily precipitation at Hungry Snout and West Hopes: Days with 
specified amounts of precipitation 
STATION YEAR DAYS WITH DAYS WITH DAYS WITH DAYS WITH 	DAYS WITH 
0.2 mm 1.0 mm 10.0 mm 25.0 mm 50.0 mm 
OR MORE OR MORE OR MORE OR MORE 	OR MORE 
HUNGRY I 153 107 21 4 	 0 
SNOUT (May 75 - Apr 76) 
HUNGRY II 172 141 27 8 1 
SNOUT (May 76 - Apr 76) (9.9.76) 
WEST I 146 110 22 4 0 
HOPES 
WEST II 192 145 28 8 0 
HOPES 




(1940 - 1978) 
Note: * Approximate estimate because 1940 - 1978 statistics incomplete. 
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and West Hopes during Year I and Year II. The slight variations 
between these two stations are probably attributable to differences 
in altitude and exposure. Statistics summarising daily precipitation 
at West Hopes since 1940 are presented in Table 6.9B. Unfortunately, 
these long-term statistics are incomplete. However, comparison of 
Tables 6.9A and 6.9B suggests that Year I had a fairly normal 
distribution of precipitation events of specified magnitude. Year 
II had twice the normal number of days with more than 25 mm 
precipitation, but had no daily falls approaching the magnitude of 
those experienced on 12.8.1948 or 19.3.1971. 
Daily snowfall during the study period is also indicated 
in Fig 6-T (amount expressed as mm water equivalent). It is 
difficult to determine the relative snowiness of the study period 
from the long term precipitation records because snowfall has not 
always been recorded at West Hopes and there are no objective 
records of snow duration. However, on the basis of snowfall records 
from .Edinburgh(Jackson, 1977), and discussions with residents of 
the study area, it seems that there was nothing particularly 
unusual about either the amount or the duration of snowfall over 
the monitoring period. 
Although analysis of daily precipitation data suggests there. 
were no extraordinarily large amounts of precipitation within a 24 
hour interval during the study period, it cannot be assumed from 
this that there were no unusually intense falls of rain within 
shorter periods. In order to provide a thorough appraisal of the 
normality of the rainfall events experienced' during the monitoring 
period, it is also useful to consider rainfall intensity information 
obtained from analysis of the charts produced by the autographic 
recorders set up at West Hopes and Hungry Snout. 
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Table 6.95 	West Hooes Rainfall Station Records: Days with specified amounts of 
precicitation 
Year Days with 
0.2 mm or more 
Days with 
1.0 mm or more 
Days with 
10.0 mm or more 
Days with 
25.0 nun or more 
Days with 
50.0 mm or more 
1940- - 26 4 - 
.1941 - - 29 6 - 
- 16 '6 
1943 - - 17 3 - 
1942 - - 34 3 - 
1945 - - 23 2 - 
1946 - - - - - 
1947 - - 25 1 - 
1948 169 140 34 5 1 (278 mm on 12.8.48) 
1949 183 124 17 5 0 
1950 182 144 16 3 0 
1951- - - 5 0 
1952- - - 1 0 
1953 - - - 4 - 
1954 - - - 5 - 
1955 - - - 1 - 
1956 191 149 23 3 0 
1957 - - 18 4 0 
1958 - - 26 1 0 
1959 147 103 17 1 - 
1960 203 157 24 3 0 
1961 184 139 21 1 0 
1962 196 148 26 3 - 
1963 211 160 31 6 - 
1964 171 122 15 2 - 
1965 207 158 28 4 - 
1966 201 162 26 7 - 
1967 189 143 24 6 - 
1968 182 145 34 3 - 
1969 - - - - - 
1970 - - - - - 
1971 - - 13 3 1 	(112 mm on 19.3.71) 
1972 170 131 25 1 0 
1973 156 113 12 0 0 
1974 187 161 25 1 0 
1975 152 115 24 4 0 
1976 180 138 23 4 0 
1977 182 133 25 7 0 
1978 198 158 30 7 0 
Note 	- Data not available 
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An example of the type of information obtained from the 
autographic recorders is presented in Fig 6-U. This shows the 
intensity of rainfall during May, 1975 and includes details of the 
storm event on 14th May whibh caused ruling in Whiteadder Central 
Gully. 
The highest hourly rainfall intensity recorded during the 
study period was 16 mm/hr, which occurred during a thunderstorm 
at Hungry Snout in August, 1975. This maximum intensity may have been 
underestimated by the Casella recorder due to slow syphoning. Figs. 6-V 
and 6-W summarise the hourly rainfall intensities determined at West 
Hopes and Hungry Snout between April, 1975 and May, 1977. Two thirds 
of the rainfall registered by the automatic recorders was of a very 
light intensity. At West Hopes, less than 3% of the total rainfall was 
of an hourly intensity greater than 8 mm/hr. The distributions of 
hourly intensities are summarised in Fig. 6-V and 6-W closely correspond 
with curves used by Hudson (1971) to illustrate the kinetic energy of 
normal temperate rainfall. It seems, therefore, that the overall rainfall 
intensities during the monitoring period were fairly normal. The 
kinetic energy input from erosive rainfall was probably less than 
1,000 •joules /m 2/ year. 
Hudson suggested that actual (instantaneous) rainfall intensities 
greater than 25 mm/hr are usually required in temperate countries to 
initiate fluvial erosion processes on bare slopes. It is interesting to 
note that if the rainfall data from West Hopes is analysed using 6-minute 
intervals, only 5 % of the annual rainfall had an intensity equivalent 
to 30 mm/hr or more. Harvey (1974) suggested that only sustained hourly 
rainfall intensities of more than 2.5 mm/hr would be expected to occasion 
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Fig. 6—U Precipitation intensities at Hungry Snout 
recorded in early May, 1975. 
The 15—minute precipitation intensities plotted above 
exemplify the, kind, of statistics produced from the 
autographic gauge measurements taken at West Hopes and 
Hungry Snout throughout the entire monitoring period.. 
The recorder charts were analysed by hand to produce 
hourly rainfall intensities, but in addition to this, 
a Ferranti Freescan Digitising Table and a computer 
programme devised by Dr. R. Muetzelfeldt were employed 
to produce highly accurate estimates of shorter—term 
intensities, such as shown above. This analysis 
shows there were several short intervals when quite 
intense precipitation occurred. 
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observed at West Hopes during the study period. 
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Fig. 6-W Summary of hourly rainfall intenjtjes 
observed at Hungry Snout during the study period. 
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then little of the rainfall during the study period was sufficiently 
intense or of sufficient duration to cause serious soil erosion by 
runoff. Even the storms in May, 1975 and September, 1975 would not 
appear capable of causing significant fluvial erosion. 
6.6.2.2 Streamfiow 
Rainfall duration and intensities are not the only criteria 
in determining the size of upland runoff events. Soil conditions and 
snowmelt are also important factors. Therefore, to place the 
observations of fluvial erosion into a clearer perspective, it is 
also useful to consider available streamf low information. 
Analysis of streamfiow records for the Birns Water at Saltoun 
Hall and the River Tyne at East Linton showed that the study period 
experienced only a few significant events with only moderately high 
discharges. Compared with the annual peak flows of years such as 1948, 
1956 and 1966, the annual peak flows during the monitoring period were 
rather small. 
Although the recorder established at West Hopes missed the peaks 
of numerous small runoff events, it did at least record the two most 
significant events of the study period. These were the flash flows on 
18.9.75 and 15.10.76 caused by heavy rainfall (Fig. 6-U), which eroded 
some stream banks and riverside scars around West Hopes. These two events 
were both in excess of the mean annual flood, the latter with a return 
period approaching one in five years. This information confirms that 
although there were significant runoff events in the Autumns of 1975 
and 1976, the study period was otherwise remarkably free of events which 
might be associated with fluvial erosion. 
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The paucity of erosive runoff at West Hopes during the 
study period was also reflected by the lack of sedimentation. 
Interviews with local residents and examinations of Water Board 
records showed that in 1948, 1956, 1966 and 1969 large quantities 
of rock debris and soil were flushed out of the fall Burn Gully 
and deposited in the concrete debris traps and separation units 
built into the Fall Burn Catchwater Drain (Sub-RegionJ. Engineers 
report, Nov. 1969). Throughout the 1950's and 1960's these had to 
be emptied of debris every other year or so. They were last emptied 
in 1970, yet no significant amount of material had accumulated in them 
by the end of the study period. 
Local residents' observations of the Fall Burn during numerous 
runoff events also suggested that there were very few occasions during 
the study period when significant amounts of material were transported 
in suspension by the stream. It appears that the only times the water 
turned reddish brown irt colour (due to suspended sediment) were during 
the events of 14.5.75, 18.9.75 and 15.10.76. Unfortunately, it was 
not possible to measure the concentration of suspended load during 
these floods. 
6.6.2.3 Temperature 
Information from Eskdalemuir (Fig. 6-X) suggests that the 
five successive winters from 1970 were all warmer than average. The 
winter of 1974/5 was possibly one of the mildest winters in Britain 
since 1869 (Wright, 1975). Mean temperatures for the Spring of 1975 
were below normal, with numerous night frosts at the end of May, 1975 
(Fig. 6-Y). The summer of 1975 was one of the 6 warmest in the last 
100 years. July, 1975 was the warmest July in Edinburgh since 1955, 
whilst August 1975 had an exceptional heatwave and was the warmest 
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Fig. 6—X Comparison of mean monthly temperatures during the 
study period with longer—term temperature statistics. 
Fig. 6—Y Air frosts during the study, period. 
(Eskdalemuir information) 
447 
August in Edinburgh since 1876. Fig. 6-X shows that temperatures 
for the Autumn of 1975 were close to normal. The winter of 1975/6 
was warmer than normal (Fig. 6-X), with relatively few air frosts. 
Temperatures in the Spring of 1976 were normal. The mean temperatures 
in Summer 1976 were above average, with exceptional sunshine in July 
and August (Fig. 6-2 ). In contrast to the previous winter, the Winter 
of 1976/7 was colder than normal, with numerous air frosts particularly 
in December. Mean temperatures in the Spring of 1977 were slightly 
cooler than average. Early May, 1977 was especially cool. 
6.6.2..4 Placing the weather conditions of the study period and the 
:erosivity of the elements into perspective 
It is clear from the preceeding sub-sections that the erosion 
monitoring work was carried out during two years with exceptionally dry, 
warm, sunny summers and relatively mild winters. From the point of view 
of erosion processes such as splashing, mass movement and ruling, the 
monitoring period represented a relatively quiescent period during which 
erosive events were few and far between, and of little magnitude. The 
rates of erosion associated with such processes, therefore might best 
be considered as less than average. It is not clear just how erosion 
processes such as sheep abrasion and wind erosion in the study area are 
affected by mild winters and prolonged hot, sunny, summer spells. However, 
it seems reasonable to suppose that such conditions favour these processes, 
so that the observed rates or erosion attributable to rubbing and wind action 
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Fig. 6—Z Comoarison of monthly sunshine during the study 
period with longer—term . sunshine statistics (Eskdalemuir). 
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6.7 Discussion of Findings 
6.7.1 Comparisons of erosion monitoring findings with other 
workers' results. 
The restriction on the number of sites which could be monitored 
by the present study necessitated concentrating investigations on a 
relatively small number of sample sites occurring on the freshly drained 
soils of the Ettrick Soil Association. Having outlined the nature and 
intensity of erosion changes observed at these sites, it is useful to 
cross-check these results and try to place them in a wider context by 
comparing them with the findings from other studies in Upland Britain, 
particularly the results from analogous site types on similar physiographic 
units. However, there are several reasons why meaningful comparison are 
difficult to achieve. First, although some features such as gullies and 
scars have been studied elsewhere by other authors, there are other types 
of site examined in the study area which do not figure in the published 
literature; eroding rabbit holes are such a case. Second, because 
different authors have abstracted and summarised their monitoring data 
in several different ways, it is often difficult to compare rates of 
erosion directly, even where identical methods of field measurement 
have been used. Third, lack of background information in some published 
papers makes it difficult to place other workers' study periods into 
climatic perspective. Similarly, lack of information concerning land 
use factors such as animal occupancy and burning makes direct comparisons 
of results difficult. These difficulties preclude direct comparisons 
between the results from the present study and the results from many of 
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the investigations referred to in the Introduction. Fortunately, it 
.is possible to compare some of the findings from the Larmnermuirs with 
the results of a few investigations of analogous type sites in other 
regions, as outlined below. 
6.7.1.1 Comparison of gully .rates and processes 
Section 1.1 has already presented numerous statistics indicating 
rates of gullying and gully sediment yields in the Scottish Highlands, 
Lake District, New Forest, and parts of mid- and south- Wales. However, 
such results must be treated cautiously before making comparisons with 
the. findings from the Lammermuirs. Where .authors have converted crude 
erosion pin slope lowering data into 'sediment yields', these yields 
may have little or no relationship whatsoever with the amount of material 
actually removed from the gully in question (see Haigh, 1977 for example). 
In view of this, it is probably more appropriate to compare gully erosion 
intensities using a mean slope lowering index, in the manner described by 
Harvey (1974). For example, Table 6-10 presents mean slope lowering data 
for gullies in various regions of upland Britain and parts of the U.S.A. 
This suggests that the overall magnitude of gullying ovserved in the 
Lammermuirs is similar to that determined by Bridges (1969), Imeson (1970) 
and Harvey (1974), in South Wales, North Yorkshire and the Lake District, 
respectively. It is interesting to note that whereas the present study 
and Imeson (1970) found that much of the material eroded from the. heads 
and sides of active gullies was deposited internally or locally either as 
colluviumor alluvium, Harvey (1974), estimated that the gullies at.Grains 
Gill fed 150 tonnes of material into the adjacent streams annually. The 
output of the gullies studies in the Lammermuirs appears to be even less 
than that of small incipient gullies associated with tree felling in the 
New Forest (Tuckfield, 1964). 
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Table 6.10 A comparison of some gully erosion intensities 
based upon simple mean annual slope lowering indices. 
Worker 	Site Type/Location 	Study 	Mean Annual Slope 
Period Lowering Index (mm/yr) 
Jennings (-) 	Bare Gullies (35-50 
slope facits) on Grits 
and Shales in 
Lammermuirs 
2 yrs 
16 (Red Scar Gully) 
35 (Whiteadder Central 
Gully) 
* 
Harvey (1974) 	Bare Gullies (35 -55 ) on 2 yrs 16 (Grain Gill) 
Glacial Till & Head on 
Grits and Shales in How-
gill Fells, Cumbria. 
Imeson (1970) 	Bare Gullies (45) on 
Alum Shales, N. Yorks. 
Moors 
Bridges (1969) Bare Gullies (45) in 
Lower Swansea Valley 
Bridges & 
Harding (1970) Various Gullies in 
Lower Swansea Valley 
2 yrs 48 (Bransdale Gullies) 
1 yr 32 (Pentre Cawr Gullies) 
2 yrs 11 
Miller ,Woodburn 
& Taylor (1962) 18 different discontinuous 5 yrs 36-172 
upland gullies in north 
central Mississippi, USA. 
Woodburn 	1 upland gully in north 17 yrs 47 
central Mississippi 
*note values from individual gully 
segments studied by Harvey 
range from 8 to 64 mm / yr. 
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Another way of comparing gullying intensity is to examine mean 
annual headward retreat. Table 6-11 suggests that the rates of gully 
headward retreat determined at Red Scar and Whiteadder Central Gully 
are no greater than those determined by Harvey (1974), Bridges and 
Harding (1970), Imeson (1970) and Fairbairn (1967), in other areas. 
Since the gullies monitored in the Lammermuirs were deliberately selected 
to represent some of the most severe and active-looking gullies found 
on the Ettrick Association, it would appear that gully growth in the 
study area is no greater than that in other parts of upland Britain. 
The low rates of headward retreat determined at Red Scar and Whiteadder 
Central Gully are in accord with the findings of sequential aerial 
photographic investigations mentioned earlier in Chapter 5. Unfortunately, 
it is not possible to cross-check the mean annual retreat data produced 
by other authors in this way. In some cases, notably Fairbairn (1967), 
the mean annual headward retreat information reflects erosive events 
which were markedly absent from the present study period. Clearly 
longer term statistics are needed both from the sites in the Lammermuirs 
and elsewhere if meaningful comparisons are to be made using this form 
of information. As Thornes and Brunsden (1977) pointed out, 
"Geomorphologists may have far to go and some time to wait before their 
recordings on rates of erosion processes become truly reliable and 
comparable". 
The individual processes, sequences and combinations of processes 
observed operating in active gullies in the Lammerinuirs bear striking 
similarities with those outlined in depth by other workers who have 
studies similar gullies on similar physiographic units (Harvey, 1974; 
Bridges, 1969; Imeson, 1970; Bridges and Harding, 1970), and may explain 
why the overall erosion changes are so similar in magnitude between 
different gullies in different regions during quiescent periods. 
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Table 6.11 A comparison of gullying intensities based upon 
mean annual headward retreat data 
Worker 	 Site/Locality 	 Duration of Mean Annual Headward 
Study Period Retreat (metre/yr) 
Jennings (-) Red Scar Gully, 2 less than 0.2 
Lammermuirs (1975-1977)  
Jennings (-) Whiteadder Central Gully, 2 less than 0.2 
Lammermuirs (1975-1977)  
Harvey (1974) Grains Gill, Howgill Fells 2 less than 1.0 
( 1970-1972 ) 
Imeson (1970) Alum Shales Gullies, 2 less than 0.5 
Bransdalé, 	North (1968-1970) 
Yorkshire Moors  
Fairbairn (19(37)Tirfogrean Gully, River 19 1.2 approx 
Findhorn Valley (1948-1967)  
Tuckfield (1964) New Forest (Gully A) 2 less than 0.3 
(1962-1964)  
Bridges & 
Harding (1970) Small Gully at Pentre 2 apparently less 
Cawr, Lower Swansea (1968-1970) than 0.1 
Valley.  
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The individual processes of erosion and the seasonality of 
erosion observed in the Lammermuirs gullies are in many respects 
similar to those described by workers in the Ardennes (Imeson & 
Jungerius, pers. comms., 1976), in northern Scandinavia (Rapp, 1960), 
Greenland (Washburn, 1967, 1969; Raup, 1969, 1971a), and parts of the 
U.S.A. (Hadley and Schumm, 1956, 1961; Schuxnm, 1956a, 1956b, 1961, 1964 
Schuinm and Hadley, 1957; Smith, 1958; Hadley, 1960; Schuinm and Lusby, 
1963, Krammes, 1963; Leopold, Emmett and Myreck, 1965; Hadley and Lusby, 
1967). 
6.7.1.2 Comparison of erosion rates and processes at scars, camps 
and trails. 
The general character and intensity of erosion changes observed 
on scars in the Lammermuirs were very similar to those of the changes 
described from the gully sites, especially in the case of scars which 
were not undercut by streams. The nature of erosion changes determined 
at streainbank scars in the Laimnermuirs was remarkably similar to that 
of changes observed by workers investigating bare streambank bluffs 
in other parts of upland Britain. For example, Imeson (1970) observed 
that analogous scars on Alum Shales in the North Yorkshire Moors 
experienced a mean annual slope lowering of 50 mm during a two year 
study period, representing an actual yield of more than 96 tonnes of 
shale per kilometre of river channel in the Bransdale catchment. 
Lewin, Cryer and Harrison (1974), found that during a 16 month period 
of quiescence, rates of headward retreat of scars cut into solifluction 
head underlain by Ordovician greywackes, grits and mudstones on the 
western slopes of Plynlimon varied between 38 mm and 550 mm. 
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The mechanisms of soil erosion operating on the Welsh 
riverside scars and the streambank scars in North Yorkshire were 
similar to those observed operating at some riverside scars in 
the study area, with complex cycles of slope adjustments involving 
basal undercutting by streams, loosening, transport and removal of 
material from the bare scar slopes and the retreat of the scar crest 
and margins. Needle-ice, splashing, mass-movements and particle falls 
were reported at all the scars investigated in Yorkshire and South 
Wales, just as in the Lammermuirs. In view of the close analogies 
between the findings of Imeson (1970) and Lewin et. al. (1974) it 
might be tempting to try to apply their data on solute yields to 
estimate the effects of riverside scars on streamwater quality in the 
study area. Clearly eroding bluffs may be important solute sources,. 
but estimation of solute yields based upon rating curves from other 
regions would be very complex and falls outwith the scope of 'these 
investigations. 
The monitoring results obtained from hillside scars away from 
streams and from sheep trails, rubbings, camps and roadside cuttings 
in the Lammermuirs appear similar to findings produced by Evans (1974a, 
1977), in the Peak District and Imeson (pers. comms., 1976), in North 
Yorkshire, Coleman (pers. comms., 1978), in the Lake District, Bayfield 
(1971, 1973a, 1973b), in the Cairngorms and Slaymaker (1972) in mid-
Wales. For example, in Hey dough in the Peak District, Evans observed 
that individual sheep rubbings and small incipient scars eroded back 
30 mm/yr between October 1966 and September 1968. In the North Yorkshire 
Moors, Imeson (1970) found that overhanging road cuttings and riverbanks 
were sapped at a rate of up to 60 mm/yr. In each case, needle ice, 
456 
particle fall and mass movements were in evidence. The importance 
of animal abrasion was noted by Evans (1977). Such observations appear 
to support some of the earlier speculations by Thomas (1965), Gorrie 
(1935, 1958) and others concerning the nature of erosion associated 
with animals in upland environments. 
Although the results obtained from monitoring gullies, scars, 
camps and trails in the Lammermuirs are insufficiently detailed to add 
much to our existing understanding of erosion physics, they do at least 
illustrate that the processes operating in the study area are very similar 
to those described by workers in other upland areas. Moreover it is 
evident from this study that many of the features which have been 
investigated and described elsewhere as separate entities, such as 
camps, scars and gullies, may in fact be part of the same continuum, 
as already suggested in Chapter 5. In other words, the assemblages 
of different active erosion forms in the study area may be diachronous, 
and ultimately due to the same causes or combinations of causes (Welch, 1970 
6.7.1.3 Comparisons of erosion rates on moorland habitats 
The findings from the small number of burnt moorland slopes 
examined in the Lammermuirs can be seen in a much wider perspective 
in the light of erosion data and observations produced by Krammes 
(1960), Whittaker (1961), Radley (1965), Crisp (1966), and Imeson (1970, 
1971, 1974). Imeson's work in Bransdale in the North Yorkshire Moors 
is especially relevant. He discovered that some recently burnt heather 
habitats were subject to an average of 10 mm/yr net loss of surface 
litter and soil aggregates. This is very similar to the result obtained 
- 	from site M6B in the Lammermuirs. Imeson (1970) also noted the 
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importance of wind as a mechanism of erosion during dry summer spells, 
suggesting that the processes operating at burnt sites in the two 
regions are essentially the same. These findings have several important 
implications. First, it is evident that even during periods of quiescence, 
widespread insidious soil and litter losses may occur at some moorland 
sites which have been recently burnt, particularly if the fire was 
severe enough to ignite and destriiy the protective mat of fibres on the 
ground surface. Over numerous burning cycles, there might be several 
spasms of soil wastage at many parts of the moorland mosaic. However, 
in its early stages, this erosion would be difficult to detect or measure 
by either remote sensing or erosion pin monitoring methods. It is 
even conceivable that during long periods of quiescence, insidious soil 
losses from vast tracts of burnt moorland habitat could account for 
at least as much soil wasted in the Lammermuirs than that from all other 
active forms put together. Unfortunately, lack of sufficient erosion 
pin data precludes a full consideration of long-term insidious soil 
losses from burnt areas by the present monitoring investigations. Many 
more sites need to be monitored for a long time before such losses may 
be placed into proper perspective. Alternatively, a different type 
of research approach, such as a micro-pedological investigation, could 
be employed. 
6.7.2 General Discussion 
The results presented in this chapter indicate that erosion 
changes may occur wherever steep slopes are not adequately protected 
by litter or ground vegetation. The severity of erosion changes 
monitored an unprotected bare soil, recently burnt moorland and partly 
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vegetated ground seems to reflect, more than anything else, the 
nature of the ground surface and the presence or absence of conditions 
favouring the occurrence of needle-ice and surface runoff. Certainly, 
at sites where burning had only destroyed the moorland vegetation cover 
and left fibrous remains of charred Calluna, moss and litter to form 
the ground surface, only relatively small erosion rates were observed 
and the majority of detectible changes were associated with wind 
erosion. Where burning and previous erosion had been more severe, 
exposing rocks and sub-soils at the ground surface, the rates of 
erosion monitored were much greater. It is reasonable, therefore, 
to suggest that most bare erosion forms mapped from aerial photographs 
(Chapter 3) represent sites where erosion processes caused discernible 
erosion changes, whilst the moorland areas outwith the bare erosion 
forms and the vegetated erosion forms represent sites where ero4on 
was either much less intense or absent altogether. 
The active erosion forms mapped on the Ettrick Association, 
described in the desk studies reported in Chapters 3, 4 and 5 may now 
be considered in a clearer perspective. They seem to be sites where 
only gradual, localised soil losses occur under contemporary conditions. 
The intensity of the erosion changes approaches that determined by other 
workers in other parts of upland Britain. The severity classification 
used in Chapter 3 does not appear a valid indicator of actual sediment 
yields, for some of the largest sediment yields were at forms which 
did not seem to be very severe on the aerial photographs, and vice-
versa. 
'* i, , 
The findings of authors such as Imeson (1970, 1971), Evans (1977) and 
Harvey (1974) working on British upland erosion rates have sometimes been 
compared with long-term estimates of geologic norms, such as discussed in 
Chapter 1 , to suggest accelerated soil erosion is a problem in upland 
Britain and that soil conservation requirements are not being met. However, 
as mentioned in Chapter 1 , such broad comparisons are dangerous since there 
are no truly reliable estimates of the actual rate of soil replenishment in 
upland Britain - including the Lammermuirs. Consequently, it is difficult to 
examine surface soil wastage in the context of soil replenishment. In view of 
this, and because the erosion ratemeasured in the Lammermuirs were produced 
by relatively short-term investigations, it is unwise to try to interpret too 
much from the available erosion rate information on its own. It is notable, 
however, that the evidence available suggests soil is presently being lost 
from numerous sites at a much greater rate than the crude, generalised 
approximation of replenishment (25 mm topsoil per 30 years) quoted in Chapter 1 
It is arguable, however, whether eroding sites are numerous enough or 
sufficiently large to warrant serious regional anxiety even if some soil 
is being lost a comparatively high rate. 
The ground-based monitoring work in the Lammermuirs was insufficiently 
detailed to throw much new light onto the complexity of cause and effect 
relationships which underlie the initiation and maintenance of bare ground 
and erosion processes. However, it suggests that the situation is far more 
complex than workers such as Evans (1977) and ]meson (1974) have implied 
hitherto by their process-response models of upland erosion elsewhere in 
Britain. It is evident that burning is just one way in which the erodibility 
of slopes in the Lanmiermuirs can be increased. Any freely drained slope, 
unburnt or burnt, appears to be susceptible to over-occupancy by animals such 
as sheep and rabbits. Not only may animals' trailing, camping and excavating 
activities increase the proportion of bare ground and scree on a hillslope, 
but their actual grazing (eating) appears to slow down or halt altogether the 
colonisation of some slopes by plants, thus maintaining the ground surface in 
a bare condition prone to the occurrence of needle-ice, splashing and surface 
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runoff. It would seem that, given sufficient time and severe 
enough events, some erosion forms, such as gullies, may develop 
slopes on weathered head material which does really not lend itself 
to rapid plant colonisation. This may explain why, once formed, 
many erosion features in the study area seem to persist as bare, 
gradually eroding slope facits. This raises the questions of how 
long it takes for eroding features to stabilise in this area, and 
under what kind of land-use conditions is erosion initiated, maintained 
or inhibited. Such questions form the basis of the work described 
in the following chapter. 
CHAPTER SEVEN 
EVALUATING THE USE OF A RAPID RANGE MANAGEMENT FIELD 
APPROACH TO ASSESS SOIL STABILITY STATUS, ANIMAL 
OCCUPANCY AND RECENT TRENDS IN THE LAMMERNUIRS 
7.1 Introduction 
It is evident from the findings presented in Chapters 5 and 6 
that muir burning and sheep grazing are associated with the degradation 
and erosion of many steep slopes throughout the Lanumermuirs. It also 
appears that on a more localised basis, over-occupancy by rabbits and 
clear-felling may also cause degradation and erosion. As mentioned 
in the Introductory Chapter, it is important to try to establish 
objectively what the links are between land-use and erosion in the 
study area. Since sheep grazing and burning are widespread in this 
area, it is particularly important to determine whether current 
practises and levels of livestock and wildlife occupancy are 
maintaining or encouraging erosion, especially on the numerous 
moorland slopes which are not normally considered to be eroding. 
The traditional response of research workers faced with 
questions about soil erosion and land-use in upland Britain has been 
to undertake detailed, quantitative erosion monitoring experiments 
using devices such as the erosion pins described in Chapter 6. For 
example, earlier discussions described how Imeson (1971) adopted this 
approach in his study of links between muir burning and erosion in 
the North Yorkshire Moors. However, it is clear both from the 
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literature and from the work outlined in Chapter 6 that erosion 
monitoring studies have important limitations. Firstly, devices 
such as pins can fail to detect early signs of degradation, such 
as changes in the amount of groundcover and bare ground and in the 
character of vegetation. Secondly, measuring pins and carrying out 
sequential surveying are time consuming and time bound tasks. 
Establishing and operating the sites described in Chapter 6 involved 
many hours of laborious routine fieldwork. A far greater number of 
sites would be needed to investigate complex cause and effect 
relationships in an area as diverse as the Lammermuirs. Apart from 
the. logistical and equipment problems of maintaining a large number 
of sites, there is also the possibility of the monitoring period 
falling within a spell of quiescence. Monitoring with pins and 
photography may necessitate a wait of several years before the 
production of meaningful results. 
Clearly, some other fieldwork approach is needed which is 
neither time bound not time consuming in operation. It is also 
desirable to minimise the amount and cost of equipment needed, so 
that many different kinds of site with different types and intensities 
of use can be investigated simultaneously. 
Some of the difficulties encountered with .:time7bound erosion 
monitoring methods may be pre-empted by using devices such as portable 
artificial rainfall simulators to apply known amount and intensities 
of artificial rainfall to selected field sites (Adamset. al ., 1957; 
Meyer and McCune, 1958; USDA, 1962; Hudson, 1964b; Moldenhauer, 1965; 
Swanson, 1965; Mutchler and Hermsmeier, 1965; Meyer, 1965; Imeson, M.S.). 
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This approach was considered, but was judged to be too costly, 
technical and time consuming for the present study. 
There are, however, other more simple and qualitative 
reconnaissance approaches which have been used elsewhere to 
study relationships between land use and erosion. Two such 
approaches were mentioned briefly in section 6.1 the Erosion 
Catena Approach and Rapid Range Survey Approach. These are 
outlined below. 
(a) Erosion Catena Approach 
The erosion catena concept is an extension of an idea first 
put forward by Lowdermilk (1935), who employed slope and soil 
profile descriptions to illustrate that parts of the United States 
had eroded under certain types of land use. It has been used as 
the basis of qualitative and semi-quantitatve methods of rapidly 
determining the occurrence of past erosion (Bergsma, 1971). 
Lowdermilk (1935) maintained that comparisons of slope profiles 
revealed a concave zone of acclerated soil erosion on cultivated 
slopes in convex profile topography in the United States which 
contrasted with the normal donvex slopes under natural vegetation 
(Fig 7-A). Examination of soil profiles at points up and down the 
slopes revealed that in the alleged zone of acclerated soil erosion, 
little or none of the original A-horizon remained, suggesting that 
most of this had been washed away. However, Arnoldus (1974), noted 
that this concept is at variance with recent geomorphological theories 
arguing that both slope form and soil profile morphology are 
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outflow of mass and energy ; so that Bergmsa' s "nominal form", 
against which a supposed eroded soil may be compared, does not 
necessarily exist. 
Nonetheless, Jungerius and Kwaad (1973), stated that the 
erosion catena approach is useful when used in conjunction with 
more sophisticated taicropedological analyses and radiocarbon 
colluvium dating techniques. In this way the erosive impact of 
man's activities in the Luxembourg Ardennes over long periods 
has been convincingly demonstrated. Similarly, Curtis (1965) has 
used truncated and buried soil horizons and other stratigraphic 
evidence to demonstrate former widespread erosion occurrence on 
Levishain Moor, Yorkshire, associated with ancient deforestation 
and muir burning. Conry (1972), Atherden (1976) and Cundill (1976) 
have also produced work based on this approach. 
(b) Rapid Range Management Approach 
"Range" is a term applied to all lands, including grassland, 
shrub and forest, usually hilly or mountainous, used for grazing by 
domestic livestock or grazed by wild animals. Some pragmatic range 
managers and soil conservationists working in parts of the United 
States, New Zealand, Australia, Africa and elsewhere have developed 
and successfully applied simple, qualitative field observations to 
produce rapid regional appraisals of erosion under various regimes 
of human-use and animal occupancy. Unlike the catena approach, which 
examines soil profiles, the range managers' approach uses simple 
observations of the soil surface and the plants growing on the ground. 
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The many criteria used to assess the erosion situation at a site 
may include : freshly exposed tree and plant roots; ruling; burial 
of plants by lobes of eroded debris; lichen lines on rocks; soil 
ped.icels; or evidence of successful colonisation of bare ground by 
perennial plant species. 
This approach is designed to employ simple field observations 
and requira minimum of equipment or expenditure (USDA, 1940; 
Humphrey and Lister, 1941; Ellison, Croft and Bailey, 1951; Dyksterhuis, 
1949; Sampson, 1949; Parker, 1954; Riney and Dunbar, 1956; Riney, 
1963, 1967, 1971, 1978; FAO, 1976; Lendon, M.S.; Perry, M.S.). 
A major advantage of range reconnaissance procedures is that 
planners and managers do not have to wait for years before worthwhile 
research results are obtained. 
Unfortunately, this approach has tended to be overlooked and 
neglected by erosion scientists in upland Britain, probably because 
emphasis has usually been placed on precise instrumented geomorphological 
process studies in catchments and laboratories rather than on qualitative, 
cost-effective regional field-based surveys (NERC, 1976). 
7.1.1 Choice of. approach 
Numerous casual observations of truncated and buried soil 
profiels exposed at the margins of moorland gullies around Hopes 
Valley suggest that there is scope for studies of soil catenas and 
slope morphology in the study area. However, following discussions 
with Professor Jungerius, a Dutch soil scientist who has used the 
Erosion Catena approach frequently, it was considered that this 
approach might be too time consuming and technical to guarantee 
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worthwhile results with limited manpower, expertise and budget. 
On the other hand, discussions with Riney, an F.A.O./I.U.C.N. 
range management and wildlife consultant who was working in the 
Department of Forestry and Natural Resources during the period 
of this study, suggested that a range survey approach seemed 
feasible in the Lammermuirs and was likely to produce worthwhile 
results within the time available. 
This chapter reports on field studies undertaken under Riney's 
guidance using a rapid range survey approach. It must be recognised 
from the outset, however, that this work was only an initial 
exploration of the uses and limitations of this approach as a means 
of throwing more light on the subject of man-induced degradation and 
erosion in the study area. This work is included in the thesis because 
the approach seems to provide some opportunities for further, practical 
research in upland areas. 
7.2 Definition of some range management concepts and terms 
Before proceeding to discuss the selection of range survey 
methods in more details, it is essential to ensure that the concepts 
and terms in the following sections are clearly defined. 
7.2.1 Status and Trends - Principles 
Distinguishing between evidence of status and that of trends 
in the soil-vegetation complex is important both in understanding 
animal - vegetation - erosion relationships and for range management. 
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The following definitions of status and trends are based on 
Riney's work (Riney, 1963, 1967, 1971, 1978). 
Status relates, to the plants and plant remains that are 
present in an area at a specific time. It is an index of the 
prevailing relationships between the soil and vegetative cover 
and indicates the standing crop available to animals at the time 
the observations were made. Status is essentially a static concept, 
concerned with the present. It involves simple description at the 
occurrence level of an ecosystem (Riney, 1956). Various ways of 
obtaining evidence of status are discussed in section 7.3.1 below. 
Trends in the vegetation indicate the dynamic responses of 
plants to their environmental influences, including the interference 
of Man and his animals. Some of these changes may enhance ecological 
stability, whilst others are detrimental to it. In the fielcl of range 
management such vegetation trends are sometimes referred to as 
conservation trends because emphasis is placed on maintaining a given 
habitat in a stable or improving state (USDA, 1940; Sampson, 1949; 
Parker, 1954; Riney, 1963; Warren and Maizels, 1977). In this chapter 
the terms 'conservation trend' and 'vegetation trend' are synonymous 
and are only used to refer to changes in vegetation status through 
time. However, these terms should not be confused with the term 'erosion 
trend' which was used in Chapter 4 to refer to gross changes in either 
the extent or apparent intensity of erosion phenomena such as gullies 
and scars. 
Conservation trends may be downward even if the current status 
of the vegetation is high and there is still a good plant cover 
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loss or serious reduction of the habitat element in the future 
and therefore the trend is regarded as unsatisfactory. On the 
other hand, a. recent trend may be regarded as satisfactory from 
the point of view of soil conservation and range management even if the 
present status is low, providing that the trend is towards recovery of 
the habitat element concerned. 
In referring to trend, words like 'satisfactory' or 
'unsatisfactory' are not ideal because they may be considered too 
emotive for use within objective surveys. Their use in this chapter 
is simple. If a habitat element upon which an animal or form of land 
use or management depends is stable or improving (increasing in status 
through time), it is considered satisfactory. If the element is down-
grading, that is, becoming scarcer, it is considered unsatisfactory. 
A change in the status of vegetation depends upon the 
average annual rate of production and reproduction of plants in the 
population and whether through this process the plant species or 
vegetation type is increasing, maintaining itself, or declining. 
This may be represented by changes in the number of individual plants 
or by changes in the average amount of annual growth which survives 
the year, or by both. There are continual fluctuations in the 
composition of plant communities due to the weather, as well as changes 
in the nature of the vegetation as a result of longer term climatic 
fluctuations. The former are temporary and the latter are usually 
almost imperceptible, and for the purpose of range management in 
temperate arms, may be ignored. However, against this background 
there are often persistent, easily discerned vegetation trends, which 
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may be attributed to land use or management practices that sustain 
ann, imbalance between plants and their environment. These changes 
particularly concern the range manager and soil conservationist. 
Commonly cited examples of such vegetation trends are the 
effects of injudicious burning and of excessive trampling, browsing 
and grazing by animals (Ellison, 1946; Crocker, 1953; Riney and 
Cuaghley, 1959; McNeil, 1964; Sykes, 1969; Giardino, 1974; 
Streeter, 1975 ). Separately or together these may lead to an overall 
reduction in plant production, or they may alter the actual nature of 
the vegetation by favouring certain species or classes of vegetation 
at the expense of others (Cockayne, 1910; Fenton, 1925, 1936, 1937a, 
1937b, 1951; USDA, 1940; Dyksterhuis, 1949; Crocker, 1953; During 
and Ratcliffe, 1962; Condon et. al., 1969a, 1969b; West, 1969; 
Tueller, 1973; Warren and Maizels, 1977; Riney, 1978). 
A simple example involves burning in certain types of grasslands. 
A fire, even at the time of year when it does least harm, may lead to 
a reduction in grass growth the following season. But by the second 
or third season the grass had usually regained its maximum vigour. 
If such areas are burnt infrequently, the average plant cover may 
remain high. Even though there is a downward fluctuation after each 
burning, undesirable consequences, such as accelerated soil erosion, 
may not necessarily occur. However, if burning is too frequent, so 
that the grass does not have sufficient time to recover between 
successive burns, trends may be set in motion towards an eventual 
denudation of vegetation and ground cover with the possibility of 
serious soil erosion as a final result (Cockayne, 1910). 
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Such disturbance of the delicate balance between plants and 
the soil may be intensified if, in addition to too frequent burning, 
grazing pressure or the grazing pressure itself initiates a further 
downward trend (USDA, 1940). The species composition of plant 
communities may also be depleted or changed completely if preferred 
food plants are heavily used by animals (Meyer et. al.,, 1957). Over-
grazed or trampled plants may no longer be able to withstand 
competition from less palatable or more durable forms which gradually 
replace them (Fenton, 1934, 1951; Whitaker and Gimingham, 1962; 
Miles, 1973; Liddle, 1975; U.N., 1977). (Note that in this chapter 
the term 'overgrazing' is used in the range management sense to 
refer to the weakening of vegetation by animal occupancy whether by 
burrowing, trailing, rubbing, sleeping, sheltering or actual grazing, 
to such an extent that there is a danger of accelerated soil erosion 
(McVean and Lockie, 1969). This definition differs from that used 
by some botanists and pasture research workers in Britain). 
The changes in the plant-soil complex which may be brought 
about by overgrazing or overburning differ profoundly from those 
caused by natural-ecological disturbances, such as natural fires, 
floods, prolonged droughts, pestilence or temporary excessive grazing 
by wild animals. Whereas a natural fire or a severe flood is a single 
event, following which vegetation may begin renewed growth, there is 
little opportunity for "wounds to heal" if the cause of the disturbance 
persists and has a cumulative effect (Ellison, 1960). Where loss of 
status results in erosion, this may also lead to loss of soil fertility, 
which in turn may cause further depletion of cover, leading to a 
"vicious circle of degradation" (USDA, 1940). The key to this circle 
is the interdependence of plants and soil, and the fact that if one 
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is disturbed , the other is usually affected (U.N., 1949; Crocker, 
1953; Condon et. al., 1969a, 1969b; Dunne, 1973; FAO/UNEP 1977). 
7.2.2 Ecological succession and regression 
As vegetation develops it passes through several successional 
stages (Oduin, 1953; Tansley, 1935, 1953; Watt, 1955; Eyre, 1963; 
Whittaker, 1970; Tivy, 1977; Pears, 1977; Randall, 1978; Miles, 1979). 
Succession is the universal process by which formations of plants 
develop. This begins with the first plant species that colonise bare 
areas (pioneer species) and culminates with the final plant communities 
that a given environment may support (the climax vegetation). 
Ecological succession is therefore the normal mechanism by which 
improving conservation trends take place (Sampson, 1949; Anderson, 
1950; Parker, 1954). 
This concept of a continuous process of plant species overlapping 
each other through time is important in range management and soil 
conservation field survey work (Norton, 1939; Beeson et. al., 1940;. 
Stoddart and Smith, 1943; Bentley and Talbot, 1948; Healy, 1948; 
Talbot, 1963). Succession proceeds at different rates in different 
climatic conditions. Moreover, both succession and regression in 
plant communities may be initiated or severely modified by the type 
and intensity of management or animal use to which an area is subjected, 
and both may be halted to form a sub-climax vegetation under a given, 
consistent form of use, which may become relatively stable (Nicholsen, 196 
For example, heather moorland in upland Britain is often cited as a 
plagioclimax vegetation induced and maintained under a regime of burning 
(Pearsall, 1950; Nicholsen and Robertson, 1958; Penfound, 1964; 
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Nicholsen, 1964; Miles, 1973, 1979; Whittaker, 1975; Gimingham, 1975). 
Although an improving vegetative trend will normally proceed 
fairly smoothly from the initial colonisation of bare ground, down-
grading may be more sudden and complete, as for example, when a 
forest is clear-felled and burned. However, downgrading may also 
occur more slowly and through successive phases, as under different 
regimes of excessive use by domestic livestock (Bentley and Talbot, 
1948; Boudet, 1972; Tueller, 1973; Floret and Le Foc'h, 1973; 
Lamprey, 1976). 
7. 2.3 The concept of soil conservation in range management 
When a basic objective of range management is to continue 
with a form of use on a stable long-term basis, one pre-requisite 
is clear that form of use cannot afford to destroy the resource 
base upon which its existence and survival depends. The concept of 
maintaining range and grazing lands in good health in terms of 
satisfactory soil-vegetation relations has been emphasized by 
Talbot (1937, 1963), DSIR (1945), Jones and Love (1945), Albrecht 
(1944, 1946), Cockayne (1910), Sampson (1949), U.N. (1949), Ellison 
(1960), Love (1954), Buttery (1956), Hormay (1956), Riney (1967, 1971, 
1978), Perry (M.S.), and many other workers. Talbot (1937) stated, 
"in cases of doubt, especially concerning possible injury to watersheds, 
the only safe basis to work from is not what the vegetation and forage 
will carry, but rather what the soil will carry". The minimum 
conservation requirement is thus to maintain the soil, which is the 
resource base required to achieve management objectives on a long-term 
basis (Campbell, 1954; Love, 1954; Osborne, 1956). 
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In terms of soil conservation, a downgrading vegetation 
trend involves a trend towards an increasing proportion of bare 
ground and, if the process continues, possible soil erosion 
problems, especially on steeper slopes. When comparing two areas, 
if the status of the groundcover in one area is demonstrably 
less than intheother, from a purely conservation point of view 
that area would be the one in poorer condition. 
7.3 Selection of field procedures for rapid range survey work 
7.3.1 Estimating Status 
Detailed descriptions and reviews of the various field 
techniques that have been used to estimate the proportion of bare 
ground, stones, litter, plant cover and canopy at a site are to 
be found in Crocker and Tiver (1948), Severinghaus (1954), EvanS 
and Love (1957), Deming (1960), Branson (1962), Riney (1963, 1978), 
Greig-Smith (1967), Laycock and Batchelor (1975), Lendon (M.S.) 
and many soil conservation and range management text books. 
Cunningham (1975a), noted that these techniques fall into 
two main groups : those employing loops, quadrat frames and pin 
bridges and those using charting, line-intercept or step-pointing 
procedures along randomly positioned transects. In view of the 
review literature available, it is not proposed to give a eoiiprehensive 
review of the merits and demerits of these various procedures. 
Suffice it to say that point frames and quadrats can be difficult to 
use efficiently (Cook and Box, 1961; Wiegart, 1962; Edwards, 1967; 
Cunningham, 1975a), and may produced spurious results in non-homogenous 
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habitats unless large samples are obtained from numerous locations 
(Kim, 1968). Cunningham (1975b) and Riney (1978) consider that 
step-pointing along transects, as detailed by Evans and Love (1957), 
is far more efficient and reliable than any of the other technique 
mentioned. 
The initial procedure in modified step-pointing , as detailed 
by Cunningham (1975b), is the positioning of a permanent ink mark 
on the tip of the sole of the observer's boot. The mark is continued 
onto the toe cap and is a little less than 1 mm wide. The observer 
then sets off on a randomly located transect across the area to 
be sampled, recording details of each hit (e.g. bare ground, litter, 
perennial grass, etc), each time the boot hits the ground surface. 
Once the starting point and direction of travel of the initial 
transect over the sampling area is chosen randomly, this transect 
progresses until the required number of points has been recorded or 
the boundary of the area is reached. If the boundary is reached, 
the observer then selects another randomly located starting point 
and another randomly oriented direction to start another line of 
sampling points. This procedure is repeated until the desired 
number of step-point hits is recorded. 
7.3.2 Estimating Animal Occupancy 
Animal occupancy can be estimated by several different 
methods. For example, the occupancy of specific upland sites has 
frequently been assessed by simple visual counting (Young, 1938.; 
Atwood and Hunter, 1957; Hunter, 1954, 1962, 1964; Hunter and 
Davies, 1963; Griffiths, 1970). However, visual counting can be 
time consuming and does not lend itself to the study of numerous 
dispersed upland sites by one person. Moreover, counting may be 
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completely inappropriate for estimating occupancy by shy creatures 
such as deer or nocturnal and crepuscular animals such as rabbits. 
In view of this, visual counts were considered inappropriate for 
the kind of study envisaged in the Lanmiermuirs. 
Some workers have even tried to assess occupancy by sheep and 
other domestic livestock from agricultural census returns (Evans,1977). 
This approach was considered quite inappropriate for several reasons. 
Firstly, the areal units used by censuses are far too large to 
reflect important local variations within individual parts of estates 
or farms. Secondly, such census information may be out-of-date. 
Thirdly, it may contain unreliable data. Moreover, it would not 
include information on wildlife occupancy. 
Another means of estimating animal occupancy in an area is to. 
observe and record the occurrence of animal spoor and dung (Taylor, 
1930; Hesse, 1957; Mosby, 1969). 	For example, browse-forms and 
characteristic hedging of vegetation indicates recent occupancy by 
rabbits, deer and sheep (Pechanec, 1937; Ragsdale, 1955; Passey, 1966; 
Riney, 1978). Browse-forms can be found in the study area, but 
may be absent from many areas and are therefore not universal indications 
of animal occupancy (Dyksterhuis,1944). The same applies to tracks, 
trails, burrows and rubs. 
On the other hand, dung does provide a fairly universal indication 
of grazing animal occupancy. The use of animal droppings observations 
in range management is well documented (Taylor, 1930; Neff, 1968; 
Warren, 1971; Overton, 1971). For example, Taylor and William (1956) 
used faecal pellet counts to estimate the distribution and density of 
wild rabbit populations in New Zealand. Hesse (1957) and Riney (1957) 
reviewed the use of faeces counts in studies of many other free-ranging 
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mammals in New Zealand and Africa. Deer occupancy in particular has 
been determined by this approach in numerous studies (Robinette et. al., 
1958; Wailmo et. al., 1962; Smith, 1968; Batchelor, 1975; Wallis and 
James, 1969). In addition, White (1960) and Hilder (1966) have described 
the uses of sheep dung as an index of sheep occupancy in New South Wales 
and the Pennine Moorlands. 
The chief advantage of using faecal pellets as an'AindiOation of 
occupancy is that field observations are relatively swift and can be 
integrated with other sampling work. The characteristics of the dung of 
a specific animal can be determined from illustrated text books (Pike, 
1950; Thompson and Worden, 1950; Leutscher, 1960; Lawrence and Brown, 
1967; Bang and Dalhstrom, 1974), from visits to a zoo, or simply by 
following an animal around in the field. 
It is clear from the work of Taylor and William (1956), Robinette 
et. al., (1958), White (1960) and Wallmo et. al (1962), that problems 
can arise if dung counts are used to assess the actual numbers of 
animals using an area, because factors such as the rate of dung 
disappearance must be taken into account. However, for the purpose 
of merely comparing occupancy between different areas, for example, 
on a simple presence or absence basis, this is not so great a problem, 
so long as the variations in the rate of dung disappearance between the 
two areas are not too great (White, 1960). 
7.3.3 Appraising Recent Conservation Trends. 
Several different kinds of field-based evidence have been used 
by range managers to appraise recent conservations trends, but only a 
few of these appear to be feasible for universal, rapid field assessments 
in areas like the Laxnmermuirs. For example, whilst local knowledge of 
vegetation changes over decades has been obtained from old residents by 
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workers in populated parts of New Zealand and Africa (Riney, 1974; 
Barker et. al., 1977), it is unlikely that such evidence could be 
obtained for every site which one might wish to investigate in the 
Lammermuirs. In certain areas, indicator species have been employed 
to provide range managers with swift objective assessments of 
conservations trends (Show et. al., 1940; Gleason, 1953; Riney, 1978). 
For example, during studies of trends in Murcia, Spain, on a UNESCO 
project the author employed Plantago albicans as a ubiquitous semi-
quantitative indicator of trends in mountain areas prone to sheetwash 
(Kwardem, 1978). However, since no such species were known to occur 
in the study area, it seemed that theonly appropriate evidence for 
assessing trends in the Lammermuirs was observation of superficial 
ground and vegetation trend criteria, which are discussed below. 
The basic tenet of the rapid field trend assessment methods 
developed and used by range managers such as Show et. al. (1940), 
Ellison, Croft and Bailey (1951), Parker (1954), Buttery (1956), 
Riney and Dunbar (1956), Riney (1963) and Deming (1960), is that 
just as there are in medicine groups of outward signs which 
characterise a specific disease, so too in ecology thee are syndromes 
of symptoms on the ground which can be observed and recorded and which, 
when considered collectively, can be used to diagnose recent soil-
vegetation conservation trends at a particular spot. For example, 
Riney (1963), described how during investigations into the effects of 
land-use and management practises on soil-vegetation relations in 
North Matebeleland, Rhodesia, he searched for superficial (and therefore 
readily observed and quickly measured) characteristics of soil-vegetation 
relations associated with greater or lesser degrees of trouble from the 
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standpoint of maintaining stability of the vegetation within the 
ecosystem. In assessing recent vegetation trends from the ground, 
observational evidence of recent changes in the proportion of plant 
cover and surface litter, compared with evidence of recent changes 
in the amount of bare ground exposed to wind and rain stresses was used 
to establish improving or downgrading conservation trends. 
Riney (1963) assigned conservation trends in mil-acre plots 
spaced along transects. The ground was closely observed and if there 
were any bare patches of ground their edges were inspected to see 
whether young perennial species had started to colonise the bare ground. 
In those areas judged to be recovering from some stage of depletion, 
evidence of recolonisation could be seen at the edges of the bare spots. 
Similar evidence could also be seen in other adjacent bare patches. 
On the other hand, in those areas judged to be downgrading, bare patches 
had not been healing over with vegetation, there was no sign of young 
perennials having successfully colonised and lasted through the dry 
seasons and there were usually signs of deterioration in the plants 
themselves. These signs included dead plants uprooted and lying on the 
ground and a high proportion of the living plants having freshly exposed 
roots. Riney observed that in areas where perennial grasses were dying 
out, many of the tussocks were partially dead, often in the centre first 
and were easily dislodged. In contrast, in areas where the trend had 
been towards recovery of bare ground, the tussocks remained firmly 
lodged when gently kicked. 
With knowledge of recent trends obtained from interviews with 
old residents, it was possible for Riney (1963) to establish syndromes 
of criteria for rapid diagnoses or recent trends in Rhodesia. The results 
were cross-checked against information obtained from sequential photographs 
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and old botanical surveys. Criteria for rapidly assessing recent trends 
have been determined in much the same way by authors working in parts of 
the United States, New Zealand and Australia (Show et. al., 1940; Ellison, 
Croft and Bailey, 1951; Bentley and Talbot, 1948; Riney and Dunbar, 1956; 
Parker, 1954; Condon, et. al., 1969a, 1969b; Tueller, 1973; Payne et. 
al., 1974). 
One criticism which has been levelled at the trend syndrome approach 
is that it may be prone to considerable error in terms of operator variance 
(Lockie, pers. comxns.,, 1975-6). However, Riney (1963), stressed that 
one of the important features of the syndrome approach is the 
deliberate inclusion of cross-checks to pre-empt such difficulties. For 
example, in his Rhodesian investigations, he compared the results of 
trend assessments in fixed plots with those from unmarked transects. 
Results from adjacent unmarked transects were also compared to evaluate 
the optimum frequency of sampling plots along each transect in different 
types of habitat. Results from transects were also cross-checked against 
series of sequent aerial photographs and the knowledge of old residents. 
Operator bias and variance were then evaluated by comparing the results 
from different observers on the same marked transect lines and on 
randomly located lines with different kinds of habitat. Differences in 
the results produced by the same operator at different times of the year 
and seasonal variations in operator variance were also examined to determine 
the best season to carry out trend assignments on a full-scale team basis. 
Following this comprehensive series of tests, Riney argued that significant 
sampling errors could be minimised so long as a few simple guidelines were 
followed. These were : first develop a list of superficial trend criteria 
appropriate for the habitats under investigation ; second, check the optimum 
sampling requirements and evaluate operator variance; third, cross-check 
accuracy of results before accepting them for further analysis, preferably 
using more than one type of evidence. 
48a 
7.3.4 multi-purpose Conservation Transects 
Although sections 7.3.1, 7.3.2 and 7.3.3. have outlined separately 
the varidus procedures considered to be appropriate for estimating status, 
animal occupancy and recent trends in the study area, it is evident from 
the work of Riney (1963) that investigations of the interrelationships 
between the occurrence, utilisation and response levels of an ecosystem 
(Riney, 1956) are most efficient when data concerning status, trends and. 
occupancy are obtained simultaneously from points and plots spaced along 
the same transects. There are several potential advantages associated 
with such multi-purpose transects. Firstly, the field information about 
occurrence, utilisation and response levels of the ecosystem is directly 
comparable and can be used for regional analyses. Secondly, manpower and 
operating costs are low. Thirdly, once the sampling requirements and 
criteria for trend assignments have been verified by other evidence, 
conservation transects can be employed anywhere if necessary using more 
than one observer. 
The following section reports on a series of trials designed to 
test the feasibility of using multi-purpose transects in the Lainmermuirs. 
7.4 Preliminary trials of Multi-purpose Conservation Transects in the 
Lamme rinulirs 
7.4.1 Establishing ground rules and optimum sampling arrangements 
The first stages of the feasibility trials were concerned with 
establishing operational ground rules and optimum sampling arrangements 
for obtaining data on status, occupancy and recent trends in different 
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types of habitat. It is convenient to describe this initial work 
under 3 separate sub-headings :- 
7.4.1.1 Guidelines for assessing status by step-pointing 
To estimate status along multi-purpose transects, the basic 
modified step-pointing system outlined by Cunningham (1975b) and 
Riney (1963) was used. As mentioned in section 7.3.1, this involved 
placing a thin mark on one boot and recording hits at every alternate 
step along randomly positioned transects, using multiples of 100 
consecutive step-points until the desired number of hits was obtained. 
To minimise observer bias, the eyes were kept closed or fixed on a 
distant horizon between steps. 
Each point sampled by the ink mark on the boot was considered as 
though it was part of a vertical line reaching from the ground to the 
height of the highest vegetation. Observations relating to each of these 
vertical lines were recorded on a specially prepared check-list/data 
collection sheet (Fig 7-C), indicating the presence of bare soil, stones 
litter or basal diamers of plants, which were mutually exclusive. Any 
moss was counted as plant basal diameters and dung was being counted as 
litter. The field sheet also included space for notes on the size 
of stones exposed on the ground surface, the nature and size of plant 
diameters, and so on. In addition, notes were taken of any plant canopy 
intersected by the line above each point. Thus, having completed a 
hundred or more step-points along a line, it was possible to estimate the 
proportion of ground covered by litter and plant diameters, referred to 
as the percentage grozuzdcoVer for that specific site. Canopy cover is 
not reflected by the groundcover index, and may be treated as a completely 
separate statistic. 
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The number of step-point observations needed to provide 
reliable information regarding status was estimated by trial sampling 
in a range of habitats. For example, Fig 7-D suggests that 100 step-
points along a randomly chosen line would be more than adequate in 
most situations for the purpose of assessing percentage groundcover. 
Oversampling experiments showed that even on screes and scars, the 
standard error of status parameters was less than 0.10 when 100 step-
points were used (Fig. 7-E). Tests on stable grassy areas revealed 
that even 50 step-points produced consistent, reliable results at 
such sites. 
Although it was not envisaged that step-pointing would be used 
to assess status at non-macro-hanogeneous sites, such as ploughed fields 
which have a marked grain , it was considered useful to see whether the 
results of transects would be affected by the selection of different 
transect lines within the limits of a specific site. It was found that 
unless the site contained numerous erosion foci, such as trails and 
rubs, there were usually no significant differences in the results 
obtained from randomly selected transect lines each using a sample of 
100 points. Wherever there was any doubt regarding the reliability 
of the data for overt or cryptic variations in the amount of groundcover 
and canopy indicated by each transect line run over the site. By and 
large, the best way of ensuring that cryptic variations across a site 
were eliminated was to run two transect lines at right angles to each 
other and compare the results. Where any variations were suspected 
the site was broken down into smaller sub-sites which were sampled 
separately. 
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Tests were also made to assess the variance which might be 
introduced by using different operators. Tables 7.1 and 7.2 show 
some examples of simple test results. The results of these and other 
tests in different habitats with other operators indicated that 
different operators could produced reliable results, providing they 
were given sufficient training in the procedures involved in step-pointing. 
The results of these sampling trials were in keeping with the 
earlier works of Proudfoot (1942), Severinghaus (1954), Schulz and Muncy, 
(1957), Evans and Love (1957), Hammond et. al. (1958), Riney (1963), 
White (1966), Finney (1965), Jeffers (191), Laycock, 	Batchelor 
and Cunningham (1975b), who have shown that step-pointing is an 
efficient sampling technique. 
7.4.1.2 Guidelines for assessing relative occupancy 
As mentioned in section 7.3.2, the most appropriate way of 
assessing occupancy by grazing mammals such as sheep, deer and 
rabbits was considered to be observation of faecal droppings along 
transects . The characteristics of the droppings of hares, rabbits, 
deer, sheep and cows were ascertained from detailed, illustrated texts 
such as Bang and Dahlstrom (1974) and from field and zoo excursions. 
In view of the distribution characteristics of hare and rabbit pellets, 
it was decided to register only the presence or absence of pellets 
along transects as a simple index towards occupancy. Similarly, in 
view of the way in which deer dung may be dropped and scattered, Riney 
(pers. comms.) suggested it would only be worthwhile noting the presence 
or absence of deer fewmets. However, since sheep appear to deposit 
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Table 7.1 	Operator variance in assessment of status 
HABITAT : Heavily grazed callunetuin with some young grasses growing 
up through dead heather plants 
SAMPLING DETAILS : 100 points spaced along same line on same day. 
Operators sampled different points, according to 
where their boots landed 
OPERATORS : Two students of ecology, with less than 10 minutes 
instruction in the methodology to be employed. 
Scores out of 100 
Operator A 	Operator B Mean Score 
Bare Soil : 35 35 35 
Stones : 2 1 1½ 
Litter: 48 49 4837 
Plant Basal Diameters : 15 15 15 
100 100 100 
Groundover percent (i.e. 
% litter + % plant diameters) 63 64 63 31 
Low canopy 18 16 17 
High canopy 0 0 0 
CONCLUSION : No significant differences in the results turned in by 
these two operators. 
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Table 7.2 Operator variance in assessment of status 
HABITAT : Heavily grazed patch of heather within a large paddock 
SAMPLING DETAILS : 100 points spaced along separate lines by two 
independent operators on same day 
OPERATORS : A Consultant geologist - Sierra Leone 
B Ecology student, both with c 10 minutes instruction 
Scores out of 100 
Operator A 	Operator B 	Mean Score 
Bare soil : 49 44 46½ 
Stones: 1 0 ½ 
Litter : 46 53 49 11 
Plant basal diameters 4 3 3 11 
12. 100 100 
Groundcover(litter & basal diams.) 	50 56 53 
Low canopy 9 9 9 
High canopy 0 0 0 
CONCLUSION 	Results within 7% of mean value, fairly good comparibility 
all round. 
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distinct clumps of pellets at random outwith their camps, it was 
decided to register the number of separate defaecations occurring 
along transects (Tribe, 1950; White, 1960; Hilder, 1966; Morris, 1969; 
Griffiths, 1970). Cow pats were also counted. 
To test operator variance, known samples of droppings from the 
various species mentioned above were collected and scattered on a lawn, 
and results produced by students from fixed plots were compared. By 
and large, there was little difficulty in distinguishing most types 
of droppings which had started to break up under the influence of rain 
and frosts (Wailmo et. al., 1962). Comparisons of results produced 
by a trained wildlife manager and students suggested that operator 
variance was low inierms of dung identification. 
Field trials with Riney suggested that the most efficient way • 
of sampling droppings along transects in the Lammermuirs was to sweep 
a 56.4 cm long cane around the points selected for step-point measurements 
of status (Taylor and Williams, 1956; Smith, 1968; Overton, 1971). 
This described 1 m2 circular plots every 2 or 3 metres along the transect 
line. These plots were scrutinised to reveal the presence or absence 
of pellets produced by the animals mentioned above. The relevant data 
was then recorded on a simple field data sheet (Fig 7-F). The actual 
number of discrete sheep defaeacations was counted and journal notes 
were also made regarding the amount, state and apparent age of the 
various pellets observed in the plot. 
In most situations, it was found that reasonably consistent and 
reliable data could be obtained from only 40 or 50 plots spaced along 
the transect line (Fig 7-G). However, as it was necessary to stop at 
every step-point along the transect to take status information, it was 
decided to carry out a dung search at plots around every step-point 
used along a transect. This ensured more reliable results and helped 
to pre-empt any problems caused by animals such as rabbits or sheep 
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leaving their dung in preferred areas, such as on mole hills, or 
at heavily used camps (Bang and Dahlstrom, 1974; hider, 1966). 
As a cross check on the reliability of the dung counts, it 
was decided to supplement any further transects with journal-style 
notes on any other indications of animal occupancy. For example, 
the presence of fleece in rubbings, fresh rabbit scrapes, and 
characteristic browse or hedging forms on vegetation (Watson et. al., 
1966), was recorded for future reference. Other signs of recent occupancy 
which were noted included hoof prints and paw marks in soft ground and 
actual sightings of animals whose presence might not be evident from 
the dung observation. 
7.4.1.3 Developing and testing recent trend assignment procedures 
Superficial criteria suitable for assessing recent conservation 
trends have been published for many different parts of the world by 
authors such as Show et. al. (1940), Ellison, Croft and Bailey (1951), 
Riney and Dunbar (1956) and Riney (1963). However, none have yet been 
produced specifically for use in upland Britain. It seemed important, 
therefore, to base the criteria to be used in the Lainmermuirs on 
British literature and the experience gained by the author in the course 
of the work described inthe:preceeding chapter. 
Insofar as improving and downqrading trends in heather moorland 
and grassland are concerned, many useful aspects of succession and 
regression were determined from the available literature (Fenton, 1934; 
Watt, 1955; Whitaker and Gimingham, 1975; Kayll and Gimingham, 1965; 
Gimingham, 1960, 1975). Four phases of Calluna colonisation have 
been described in great detail ;by Watt (1955), and Gimingham (1975) 
has described a rapid method of dating Caliuna in the field which is 
particularly valuable for assessing whether heather colonisation has 
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been successful or not. 
In addition to surveying the literature, time was spent examining 
a large range of upland sites where recent conservation trends were 
already known either from carefully checked local knowledge or from 
documentation. For example, observations of naturally re-vegetated road 
cuttings, railway embankments and building sites provided a wealth of 
information concerning the superficial symptoms of improving trends. 
Similarly, sites with unequivocable downgrading trends, such as sections 
of Holyrood Park, Edinburgh, which have been carefully studied by botanists, 
were used to help determine criteria indicating unsatisfactory trends. 
Other sites used to deduce trend criteria included several of the scars 
and gullies used for erosion monitoring work (Chapter 6). These had 
known long-term vegetation histories, such as records of attempts to 
re-colonise the slopes with trees, cross-checked by sequent aerial 
photographs and the knowledge of water board employees. 
At first, separate groups of criteria were established for different 
types of situation. For example, when assessing trends in grass 
populations, it was found advisable to pay particular attention to the 
edges of any bare ground to see if this had been colonised by young 
perennial grass plants and if any of these had survived the previous 
year. The presence of successful pioneers such as Deschanrpsia fle2uosa, 
NarduB stricta and Agrostis tenuis, with a mixed aged population of 
firmly rooted tufts indicated an improving trend. On the other hand, 
if the bare patches had not been successfully invaded and had abrupt 
edges composed of old plants and there were signs of roots being exposed 
by soil erosion, and if there were few young plants and the old plants 
were generally unhealthy, this was taken to indicate that the grasses 
had been declining. Unhealthy grass tufts have poor vigour, may have 
exposed roots, dying centres and may be easily dislodged.:. 
Individual assessments of trends in stable grassland, in which a 
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proportion of the grass plants are approaching senescence, may have 
certain similarities to assessments made in deteriorating grassland, 
but in stable grassland the status is generally much higher and there 
is usually much more litter. In addition, bare patches are infrequent 
and limited in extent and most young plants are healthy. With a little 
experience, there was no difficulty in distinguishing between stable 
perennial grassland and range in which the grass cover had been declining. 
Although in principle, assigning recent trends in grassland should 
have been no more difficult then recognising trends in forest, shrub 
- or heather habitats, there was in practise one important difficulty; that 
of estimating the age of individual grass tussocks. While it was 
possible to date heather plants fairly quickly in the field (Gimingham, 
1975), it was only possible to place the ages of grass tussocks into 
broad age categories. Hopefully, this will be less difficult in the 
future, but at present criteria for trends in grasses are less objective 
than those for heather. Similar problems occurred in the use of some 
lichens and mosses as criteria for trends around old tree roots, rocks 
and screes. 
Work on bare ground, scree, improved pasture, woodland and heather 
moorland revealed that although there were some minor variations in the 
lists of criteria established for the different types of situation, there 
were many which were common to all, making it possible to draw up a simple 
list of criteria to look out for at any site in the study area. The 
commonly occurring criteria in downgrading, improving and stable situations 
are summarised in Fig 7-H. Most of these are similar to those described 
by Riney and Dunbar (1956), for assessing trends in the High Country 
ranges of South Island, New Zealand. 
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Exposed rock 
Litter accumulating in most places 	 covered with 
Little or no bare ground 	'\ 
	licher. 
and no signs of any extension 
of any bare ground or scree are 
Bare ground beinp colonised by rlar 
Fig. 7—H Summary diagram showing some of the criteria 
used to help deteinine recent ve getation trends. 
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In some situations only two or three of the criteria shown 
in Fig 7-H may be appropriate for making a trend assignment within 
a plot along a transect. In other plots or in other situations, 
all of the criteria shown in Fig 7-H may be useful in building up a 
diagnostic syndrome. Clearly, the observer must employ whatever 
evidence presents itself at any site. Some criteria may tell the 
observer more about recent trends than others. In some instances, 
criteria associated with both upgrading and downgrading trends may 
be present at the same place, and in such situations it is 
particularly important that the observer considers all of the 
criteria depicted in Fig 7-H. Different combinations of important 
questions will have to be asked even in juxtaposed plots. 
Having deduced a set of criteria, it was possible to assess 
recent trends in circular plots along transects. The trend at any 
plot was classified into one of the four mutually exclusive categories 
listed below :- 
- stable 
- improving (upgrading) 
- downgrading 
- uncertain (i.e. observer not sure) 
The 'uncertain' category was included to ensure that only plots whose 
recent trends were clear-cut were classified into the first three 
categories. If more than half of the trend assessments along a transect 
were downgrading, the vegetation stand as a whole was judged to be 
downgrading with an unsatisfactory conservation trend. If more than 
half of the plots along a transect were either stable or improving, the 
stand was considered to be improving with a satisfactory conservation trend. 
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As with the other procedures for estimating status and occupancy 
field trials were conducted to determine the level of sampling needed to 
produce reliable results and to test the objectivity and universality of 
the trend assignment method. Since trend assessment involves observing, 
judging and weighing up several different kinds of evidence, it was 
particularly important to check that any trend assessments made by the 
author were accurate and replicable. 
Initially,, simple trials were carried out in a wide variety of 
stable, downgrading and improving vegetation stands to determine the 
optimum size, shape and number of plots to employ along transects. 
In Africa, Riney(1963) found that the most convenient sampling technique 
was to assign trends within 10 or 20 circular mu-acre plots (4 m 2 ). 
The trials in the Lammermuirs suggested that the most efficient way of 
assigning trends there would be to use the 1 m 2 circular plots used 
for the dung observations along each transect (section 7.4.1.2). Exact 
replication could be achieved in most situations using only 30 or 40 
such plots. However, since the dung observations required the use of 
plots in multiples of 100, it was decided to employ 100 plots to assign 
trends along each transect. 
Having examined the optimum level of sampling on sites with 
known trends, trials were undertaken to check the accuracy of results 
produced by trained wildlife managers and students working in unknown 
localities. Several operators were asked to run transects at - , -a variety 
of different sites whose recent trends were known to the author from 
sequential photographs and discussions with local shepherds and game- 
keepers. The results of these tests were very enlightening. The transects 
run by Thane Riney, the author and two research students from the 
Department of Geography were in close agreement with each other and with 
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the assessments based on the sequential photographs and local 
knowledge. However, results produced by undergraduates with less 
training in the procedure for trend assignment were not always in 
agreement with each other or the sequential photograph assessment. 
This emphasised that it required more expertise and practice to 
become proficient at interpreting and assigning conservation trends, 
than it does to estimate status and occupancy along a transect, a 
point which has been emphasised by Riney (1978). 
In response to Lockie's criticisms concerning the potential 
problems of making trend assignment decisions in the field without 
making detailed notes of the evidence observed, attempts were made 
to see if it might be feasible to improve the method by producing 
information which others might be able to re-interpret. Accordingly, 
large numbers of Cope-Chatterton reference cards were prepared with 
a universal checklist of criteria. These were used in the field to 
record the syndrome of criteria noted at each plot along .a transect. 
Although these proved to be useful for training and operator variance 
test purposes, they were time-consuming to fill in and there seemed to 
be little to be gained by using them for further work. It was much 
easier to take photographs of the ground surface at representative plots 
and to make journal style notes for each transect examined (Plates 7.1, 
7.11). 
7.4.1.4 Best period for transect sampling 
It is evident from the literature and from the field trials 
outlined above that deciding on an appropriate sampling period could 
be an important step in realising research or management objectives. 
For example, if one's concern is with the maintenance of perennial 
grasscover as an essential habitat element, status and trend sampling 
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Plate 7.1 	Detailed ohraDhs such as this are most 
valuable means of record.ing information along transects. 
This example is a part of a plot on an old fan at the 
foot of a gully. The photograph records that the shingle 
has been successfully colonised by lichens and grasses. 
There is a variety in the sizes of grass tussocks 
present. Litter is accumulating. The plot was judged to 
have been improving in recent years, but the groundcover 
status is still fairly low. 
Plate 7.11 	Young conifers with Octcn-rass 
An example of one of the many high status habitats 
judged- to be stable in terms of conservation trends. 
Large tracts of the Lammermuirs have been turned over to 
forestry. There appears to be no threat of any significant 
erosion of sites such as this. 
Photographs like this may be used seouentially to 
help monitor changes in vegetal status and conservation 
trends through time. (See Plate 7. IX). 
In Scotland this will be towards the end of the year, before fresh 
spring growth masks the ground. During late Autumn and early Winter, 
it is easiest to recognise relations between soil and upgrading or 
downgrading vegetation. Then it is quicker to establish consistent 
results between different observers or when making subsequent 
assessments in the same area. Although accurate trend assignments 
can be made in the spring and summer, given more time and experience, 
it was considered desirable to undertake any further transect work 
in the late autumn or early winter. 	Insofar as possible, it was also 
desirable to undertake sampling within as short a period as possible 
to facilitate comparisons of status and occupancy between sites. 
7.5 A pilot study using multi-purpose transects 
Having determined guidelines for collecting data on status, 
occupancy and recent trends along multi-purpose transects, the next 
stage in the evaluation of the rapid range survey approach was to 
carry out some simple pilot studies. This section reports on aspects 
of one such pilot study which was undertaken in the late Autumn of 
1976 in an attempt to throw some light on the status and trends of 
sites in an around Hopes Valley, and Aikengall Nature Reserve; areas 
which were of particular interest to the water board and the Scottish 
Wildlife Trust. 
It is envisaged that details and results of similar, additional 
transect pilot studies in other areas will be presc'r. :ed in another 
paper when data have been analysed because it related to features and 
localities mentioned in earlier chapters, such as the screes on Nipper 
Know-es and the bare slopes of Sheepath Glen. 
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7.5.1 Selection of sites 
Riney suggested that much time and effort could be saved by 
concentrating the initial pilot study transects in 'key areas'. 
"Key areas are those localities which are of such importance 
to a species of animal that their well-being depends on the maintenance 
of satisfactory conditions at such places". "Factors determining 
whether or not an area is a key site include intrinsic properties such 
as geology, soil and drainage characteristics; or they may depend on the 
treatment to which the site has been.subjected, or its use by animals 
and its proximity to favoured areas such as salt-licks, watering places, 
camps and ecotones". (Riney, 1978). 	In parts of Rhodesia, Riney 
(1963) used remote sites half-way between cattle watering sites as key 
areas in which to ascertain the suitability of cattle stocking rates. 
in terms of range deterioration. By using these relatively little-used 
parts of the range, he discovered much about the likely condition and 
trends of the more heavily used parts. For example, if such localities 
were found to be downgrading in spite of having the highest vegetal 
status to be found on the range, it was likely that the entire range 
was being over-used. 
Since certain parts of a range are usually more sensitive and 
vulnerable to ecological change than others, the selection and 
interpretation of results from time-saving key areas requires considerable 
care. If, for example, Riney had found that the areas between water holes 
were satisfactory in terms of trends, this would not have meant that the 
trends were satisfactory all over the range, and it would have been 
necessary to examine other areas closer to the watering places. In other 
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words, if trend assignments suggest that certain classes of vegetation 
are disappearing only from the most sensitive areas, this is indicative 
of a fairly early stage of range deterioration. If, on the other hand, 
vegetation classes are downgrading from the least sensitive sites, this 
constitutes evidence of a more advanced stage of depletion. Used in 
this way, the careful selection of key areas facilitates a more rapid 
and precise definition of basic problems in an area and avoids carrying 
out unnecessary detailed systematic sampling. 
Bearing these points in mind, it was decided to initiate the 
conservation transect work on sites representing the more sensitive 
and vulnerable parts of Hopes Valley and Aikengall. The findings 
outlined in previous chapters suggested that it would be appropriate 
to concentrate first on the steep, freely drained slopes, especially 
those adjacent to rivers and streams which appeared to be susceptible 
to muirburning and excessive animal grazing. The heads and. side-walls 
of gullies, scars and steep patches of bare and semi-bare hillside 
were also selected as sensitive areas which might provide meaningful 
information. The number of sites that could be examined was limited 
by manpower and time constraints, so it was necessary to select key 
areas very deliberately. Only sites with a known constant land-use 
history over the past 5 years or more were considered. From these, 
preference was given to sites where future research work using other 
research techniques was proposed. 
In addition to carefully selected key area sites, it was also 
considered worthwhile running other conservation transects over small 
patches of ground representing some of the less-sensitive, more typical 
broad categories of site comprising the catchments. For example, the 
steep-sloping heather moorland ; flat improved pastures ; gently-sloping 
coniferous plantations ; and various deciduous woodland areas. These 
additional transects were intended to provide information relating to 
the status and trends in the vicinity of the key areas and the 
overt erosion phenomena identified in the catchments. They were 
selected very carefully in consultation with local shepherds and 
farmers in an attempt to sample different intensities of land-use 
within each broad category (i.e. distinguishing between, for example, 
heavily grazed and heavily burned steeply-sloping heather moors and 
lightly grazed and unburned steeply-sloping heather moors, etc.). 
Since not all permutations of habitat category, slope and land-use 
practices occur in areas like Hopes. Valley, and some permutations 
are quite rare, the selection of these transect sites was necessarily 
subjective. However, for the purpose of providing a quick, overall 
view of the status and recent trends in an area, this, is a perfectly 
valid approach. 
To emphasize differences attributable to land-use variations, 
one can select transects on either side of fence-lines and walls, 
for example,' enabling comparisons to be made which random sampling 
could not. Fig. 7-HH shows the locations of the transects run in part 
of Hopes Valley, some of which are discussed in detail in section 
7.5.3.1 below. 
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Figure 7-HH Locations of conservation transects in Hopes Valley. 
7.5.2 Methods. 
The methods employed for the pilot study transects were basically 
identical to those outlined in section 7.4.1. However, there were two 
additional procedures. Firstly, before running any transect, detailed 
notes were taken of the site's location, situation, morphology, soil 
characteristics and vegetation. Notes were also made of any evidence 
relating to past land-use, such as burnt tree stumps, charred roots 
and woody stems and ash on burnt areas, or cut poles and brash on 
felled areas. Secondly, wide-angle and close-up photographs of each. 
site were taken to help subsequent data interpretation and description. 
On wet days, it was found useful to employ a small tape-recorder 
to record field data. A waterproof copy of the transect field data 
sheet and criteria checklist were used to ensure that all the relevant 
data were recorded systematically and that no important information 
was forgotten. The tape recorded data were later transcribed onto 
data sheets and checked for consistency. 
The time taken to run a transect varied from site to site 
according to the sampling requirements and the character of the ground 
vegetation. It was far easier to locate and observe animal pellets 
on freshly burnt sites, for example, than on bracken covered slopes. 
A straightforward transect might take less than an hour,. a more 
difficult transect could take more than two or three hours. 
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7.5.3 Results of the pilot study 
The pilot study produced a considerable amount of raw data. 
Even when summarised onto master sheets, it is difficult to present 
all of this information in its entirety. To illustrate just some of 
the available data, an extract of part of the information condensed 
from transects on slopes between 28 and 38 in and around Hopes 
Valley and Aikengall is presented in Appendix 7.1. The following 
sub-section considers briefly some of the ways in which this kind 
ofinformation can be analysed and presents some tentative specimen 
results. 
7.5.3.1 Analyses of Pilot Study data 
At the simplest level of analysis, a precursory glance over 
the data gives an idea of the status, occupancy and trends of individual 
key sites. 
In general, the transects run over those key sites selected to 
represent some of the best-managed, steep-sided slopes all produced 
satisfactc.ry trends and indicated high vegetal status with little or 
no signs of soil conservation problems. However, the same cannot be 
said of many of the transects which were run over sites selected to 
represent some of the worst managed and more typical slopes in this area. 
For example, Appendix 7.1 shows that several of the transect in the 
Pilot Study had overall downgrading trends. That is to say, these had 
more than 50 % of their plots assigned as downgrading. Many other transects 
returned data suggesting that while more than 50 % of the observations 
were satisfactory in terms of trends, they still had a high proportion of 
plots showing signs of deterioration in status. 
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Some of the results are rather surprising. Whilst it was 
anticipated that the edges of some erosion phenomena might be down-
grading, it was not expected that downgrading trends would be found 
at extensive sites such as that covered by transect 21 d (Plate 7.111). 
This transect revealed that the surface gioundcover under the decadent 
birches on the steep central section of Fennie Bank, West Hope, was 32% 
with a high proportion of bare soil and scree associated with a dense 
network of cross-crossing sheep trails. At this site, 84% of the trend 
assignments indicated a downgrading trend and no sign of any successful 
plant colonisation was found in any plot. Similar results were obtained 
from transect 7 d, run over part of the old, grazed , woodlands below 
Hopes Hill Fort on Nipper Knowes (Plates 7.IV,7.,V). Since transect 7 d 
was run over a section of the hillside which the local farmer and the 
author considered to be in better condition than the adjoining sections, 
it is suggested that a considerable part of this hillside is in need of 
attention. 
It is important to note that several other extensive hillsides 
in Hopes Valley which appeared to be tree-covered, stable slopes on 
medium-scaled panchromatic aerial photographs (Chapter 3), were found 
to be downgrading and in poor condition when examined using transects. 
This emphasises the need for either detailed ground-based surveys or 
the use of alternative types'bf remote sensing, such as false colour 
infra-red imagery, when working in this type of study area. 
Some of the poor-status slopes in the Aikengall Nature Reserve 
have been improving. For example, transect AK/410 was run over a 
grassland Alope which had only 42% groundcover. The transect suggested 
that in recent years this slope , ;has been improving with mosses and grass 
tufts colonising areas of bare ground and scree. Animal occupancy at 
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Plate 7.111 PhotoraDhs of Fennie Bank, West HO1DeS. 
Close insoection of this area of decadent birches 
showed it to be downgrading. Eroding animal trails 
and camps produce qcree which tumbles downslope. 
The proportiori of bare soil and scree appears to be 
on the increase. 
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Plata 7.IV Grazed relict woodlands below Hopes Hill Fort. 
These photographs show the extensive area of semi—vegetated 
and oare ground which was examined using conservation transects. 
Transects across the hillside and on the margins of scres 
indicated that the trend here is downgrading. Even the 
areas of highest status showed signs of deterioration. 
•, 	2- 	 1 
: 
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Plate 7.V Close in of a t7oical olot in the centre of the 
low status area depicted in Plate 7.I7. The trend here is 
rather indeterminate, but tiere are no sis of any successful 
colonisation by perennial plants. Roll of masking—tape indicates 
scale. 
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this site was very low as a result of exclusion fencing. By and 
large, however, most of the low-status sites which were examined 
were predominantly downgrading, particularly those sites with a 
regime of burning and sheep grazing. 
Another simple way of analysing the pilot study data is to 
make simple comparisons between the status, occupancy and trends 
of adjacent and juxtaposed sites. For example, one may make comparisons 
between sites on eitherside of walls or fences (Plate 7.VI, Table 7.3), 
to assess the effect of different intensities of use on essentially 
similar sections of a slope. A good example of this is illustrated by 
Plates 7.VII and Table 7.4, indicating the differences on either 
side of a fence erected by the Water Board to exclude sheep from the 
margins of Hopes Reservoir. Alternatively, one may compare the status 
and trends of quite different forms of use, such as rough grazing and 
forestry, on essentially similar geomorphological units (Plate 7. VIII, 
Table 7.5). 
It is not intended to present a detailed review of all of the 
simple "over-the-fence" comparisons which were made in the Hopes 
Valley area. It should be evident from the examples that considerable 
insight and understanding of the factors affecting status and trends 
can be obtained through this simple analytical approach, particularly 
at the start of more complex investigations when working hypotheses are 
being shaped. 
In addition to examining the transect information in terms of 
key sites or simple "over-the-fence" comparisons of individual sites 
or groups of sites, it is also possible to look at the data on a more 
collective basis. Table 7.6 shows how data from transects can be used 
to make broad comparisons of the status and trends associated with 
several important types of habitat occurring in the study area. 
Unfortunately, due to restrictions on the number of transects run 
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Table 7.3 	Table showing transect data for the two habitats 
on either side of the fence shown in Plate 7.71 
LEFT HAND SIDE 	RIGHT HAND SIDE 
AK/377/A 	 AK/377/B 
HABITAT IMPROVED PASTURE IMPROVED PASTURE 
(30) (30) 
Grassy slope with Grassy slope 
numerous cow trails 
DATE 9.10.1977 9.10.1977 
GROUND COVER 73% 96% 
Bare Soil 21% 1% 
Stones 6% 3% 
Litter 59% 61% 
0 1 s 14% 35% 
Low canopy - 11% 
High canopy - - 
Rabbit & Hare 
Pellets 0 0 
Deer Pellets 50 42 
Sheep Pellets 30 24 
Cow Pats 12.5+ 0 
ACTIVE TRAILS 120 0 
% UPGRADING 3 30 
% STABLE 0 70 
% DOWNGRADING 63 0 
34 0 
,UNSATISFACTORY SATISFACTORY 
+ (12 cows x 6 months) 




*L_q-__ . -. 
Pite 7.VI Marked differences in status and conservation 
trend were revealed bytransectson either side ofthis 
farm boundary fence at Easter Aikenall Farm I Stottencleuh. 
On the left status was extremely low as a result of over-
occupancy by cows and trend assignments suggested that the 
vegetation had been downgrading. On the right hand side of 
the fence, status was high and trends were satisfactory. 
Subsequent talks with the farmers indicated the right hand 
side of the fence was rarely used for prolonged cow grazing. 
Below : Close-up of the area marked with a square on the 
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Table 7,4 Information from transects on either side of a 
Water Board Fence erected in 1933 to exclude 
sheep from part of the slope on the northern 
side of Hooes Reservoir (see Plate 7-VII). 
HABITAT 




(30 • ) 
Naturally regenerating 
birch wc'd with 'iay 
young trees and spiirgs. 
Lush grass + bracken, 
Unburnt & little grazed 
since 1933. Few rabbit 
holes producing small 
amount of bare ground. 
	





in r- rar:..r. 	'tyn r3 
decadent bch..s. No 
birch regeneration. Active 
trails producing much 
surface scree + bare 
ground. No traces of any 
recent burning. 
GROUND COVER 93 53 
Bare Soil 2 17 
Stones 7 C' ,' / 
Litter 78 C' / 7C 
0's 	(baal1dirneters ) 15 % 16 0) 
Low Canopy 73 C' , l0°  
High Canopy — - 
Rabbit/Hare pellets 30 % 88 % index 
Deer Pellet index 0 % o % 
Sheep Pellet index 0 % 40 % 
Active trails 0 % 14 % 
Act iiie rabbit burrows 5 10 % 
% UPGRADING 0 12 
/o STABLE 95 16 
DOWNGRADING 0 32 
? (UNCERTAn) 3 40 
SATISFACTORY 
[ 	QUESTIONABLE 
According to local shepherds, there was little difference between 
the uo-fence and down-fence 
differences 
parts of the slope before 1933. 	The appear to 
the fenced-off section 
be entirely due to the change of land-use in 
since 1933. 
-' 
Plate 7-VII 	Distant view of slope on northern side of 
Hopes Reservoir. 	Transects were run on the section of 
slope inside the water board fence marked '1' ( sheep & 
burning prohibited), on the slope outwith the fence marked 
'2' ( sheep grazing/unburnt) and the area marked '3' where 
grazing and burning were heavy. Abstracts of some of the 
statistics obtained are shown in Table 7.4 . 	While the 
area inside the fence showed no signs of erosion and few 
symptoms of deteriorating soil—vegetation trends, the areas 
outwith the fence appeared to be in less satisfactory 
condition, with some incipient erosion and a fairly large 
proportion of transect plots assessed as downgrading. 
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Table 7.5 Transect information from parts of the hillside 
illustrated in Plate 7.VIII 9 below. 
area 4 	area 3 	area 2 	 area I 
decadent birch Larch & Formerly Improved pasture 
trees with Norwegian stand of with thistles 
grass & bracken Spruce 90 yr. old and wild oats. 
und.erstory. Plantation hardwoods. Several active 
Grazed. with Now grazed sheep rubbings 




GROUND COVER 92 5- 100 93 92 c 
Bare Soil 3 ,jc 0 % 5 % 
Stones/scree 5 % 0 % 2 3 % 
Litter 60 % 98 % 84 % 85 % 
0's 32% 2% 9% 7% 
Low Canopy 18 % 7 % 34 % 82 % 
High Canopy 7 % 97 "- - - 
Rabbit / Hare 27 % 3 66 % 26 % index 
Deer pellet 0 0, 1 % 5 % 1 
mdex 
























This comparison suggests that while earlier writers considered 
the grazed parts of Knock Hill to be seriously overgrazed, there 
is relatively little difference between the current status and 
trends of the grazed sections and the ungrazed, forested parts 














Plate 7-VIII 	Where several different types of 
land-use occur on adjacent, geomorphologically 
similar sites, it is easy to rim transects and 
compare the status and trends of those sites. 
This photograph shows several different 
categories of land-use on Knock Hill, East Hopes 
which were sampled (see Table 7.5), using multi-
purpose transects. 
area 1 = improved pasture 
area 2 = heavily grazed area of former woodland 
area 3 = plantation of Larch and Norwegian Spruce 
area 4 = heavily grazed patch of decadent birches 
area 5 = periodically burnt Callunetum 
This particular area is of interest because the 
slopes here were considered to 'ce "in urgent need 
of attention" by earlier writers. 
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during the pilot study, some important habitat categories have 
not been covered. Moreover, the results may not reflect the 
complete range of status and trends associated with each category. 
In spite of these limitations, it is evident that unsatisfactory 
trends were found in several different habitat types. There is a 
considerable range in the status associated with some types of 
habitat. Poor-status and downgrading trends were identified not 
only on some of the upland grassland and heather habitats, but also 
in some areas of decadent birches and in one area of clearfelled 
pine trees (Plate 7.IX). 
Examination of the data from transects run over heather 
dominated sites suggests that while many of the gentler sloping 
ones are not deteriorating under heavy occupancy by animals (transects 
Al, A2, A3, A5, in Table 7.6), several steep slopes are downgrading 
under comparatively lighter occupancy (e.g. transect 35 d). 
Although it was possible to find downgrading gully side slopes which 
were not heavily used by animals (e.g. transect R/S 1; a part of 
Red Scar Gully), it was difficult to find slopes on the open hillside 
whibh were downgrading without animals present. 
Table 7.7 shows how transects from slopes between 28 and 38 
can be grouped into four simplified categories of land-use regime. 
Eleven transects were run over sites falling into the first regime 
(burning with sheep grazing). The results from these transects 
suggest that while there were numerous extensive areas within this 
regime which had satisfactory trends, there were, nonetheless, several 
sites with downgrading trends. For example, transect 22 d was run 











Plate 7.IX Reduction in veetal status of steep slopes at 
Danskjne Burn (NT 575670 ) caused by private clear felling 
and burning of brash. Prior to the clearfelling and burning 
of this slope, the conservation status was very high with 
satisfactory trends. Immediately afterwards the status was 
very low and soil was eroded from this slope. The picture 
below shows silt and mud being washed into the stream at the 
base of this slope. The figure in the upper photograph 
is standing on a particularly bare patch created by the 
draging—out of timber by winches. 
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tabie 	7.6 Iilu.txat.tna 545 transeCts t.ntoClaatiOfl 
WIth different types of baultat. 
3lope cataqorle. 	A • Flat - 9 
8 • 10 	- 19 
C20 	-29 
030 	-39 • 
S • 40 	plUe 
may be used to 04r0 the statue and trend. associated 
aABrTA7 t Tranasot t I Satisfactory 
Slope Ret. Grs.d 	Bare Downgrading Trend. Sheep Rabbit Notes 
deqrees -tover 	IOU. Plots Ovarali Lode. Xod.e 
CO5LFERGS 
p 
Yornq 	_u 3 3 • 4 
Ciasrfeileo E 1. 40 	32 95 0 0 0 
DECIDUOUS 
.D1.AZ4D 
C it 100 	0 0 1 0 S 
YOoCqStands 
I Ic 100 0 0 1 0 5 
Of Bitch 
S 6. 97 	2 0 1 0 8 
Ret. BirCh 0 164 52 	17 32 / 40 as 
D 17d 93 3 3 / 0 30 
1 66 74 	18 13 1 5 6 
Decd.oc aIrob 0 94 93 	3 0 / 21. 71 
aith seas. p 74 58 7 46 7 29 93 
onderstory 0 214 32 	30 84 5 1.4 21 
0 
33d 59 31 50 8 7 3 
8 Ia 40 	39 65 8 18 65 
UPLAND GRAS SLAM Ba 82 	1.3 40 (9) 140 100 
• 4104 42 4 16 / 3 1 
• RI/3d 34 	22 94 5 6 1.00 A 	lace) 	of 8.4 Scar GRlly.  Pops. 
o 324 76 18 38 (7) 2 0 
O 244 56 	35 65 8 45 40 
O 234 72 10 50 5 92 24 Rabbit Warrea at Rear of Popes 905.. 
D 194 45 	23 66 5 91. 73 Rabbit Re.rr.s at Rear of Sop.. House 
D 1.84 99 	1 0 / 0 17 Sop.. Dec 	° et 
0 154 99 1 0 / 27 28 
0 144 92 5 0 1 52 25 
o 124 93 	S 6 / 54 66 
D 
114 63 17 66 5 41. 100 
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Table 7.7 	Summary of overall trends determined by specific. 
transects on steep slopes with different regimes 
of land-use. 
SLOPES BETWEEN 28 	AND 38 	IN HOPES VALLEY AREA 
BURNT AT LEAST ONCE DURING UNBURNT WITHIN LAST 5 YEARS 
LAST 5 YEARS 
REGIME I REGIME II REGIME III REGIME IV 
WITH SHEEP WITHOUT SHEEP WITH SHEEP WITHOUT SHEEP 
S D S D S D S 	D 
5d id 
7d 
20d 22d 18d 35d 9d 8d 2d 
25d 30d 24d 12d lOd 3d 
26d 31d 13d lid 6d 
27d 35d 14d 16d 
29d R/S id 15d 19d 




5 6 2 1 8 12 4 	0 TOTAL No of 
Transects 
+Key S = Satisfactory Transects, with more than 50% of trend 
assignments falling into either upgrading or stable classes. 
D = Downgrading Transects, with 50% + of assignments downgrading. 
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Plate 7.X Heavily burned and grazed overdeepened 
moorland drain on Harestone Hill near Hopes Reservoir. 
above 	general view. 
below : close up of the site. 
Nost trend assignments along transects here suggested 
this site to be downgrading. There were no signs of 
any successful colonisation by plants and many symtoms 
of deterioration of the soil—vegetation complex. Soil 
erosion has produced an erosion pavement of angular 
stones and has left many plants standing on soil 
pedestals. The drain seems to be used by sheep sheltering 
P rom the wind. Although such sites are. by no means 
serious erosion problems, they do demonstrate the 
possible consec'uences of inhisori::nate burning and 
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which exhibited all the signs of serious deterioration in soil-
vegetation relations and incipient erosion. 
Only 3 transects were run over 28 - 38 slopes occurring 
under the second regime (burning without sheep grazing), as there 
are relatively few such sites in and around Hopes Valley. However, 
the results from these transects showd that whilst satisfactory 
trends occur within this regime, it is also possible for 
unsatisfactory trends to occur. For example, transect 35 d was 
seriously downgrading under pressure from rabbits and hares following 
an intense heathland fire which had destroyed the protective mat of 
moss and litter on the ground surface. 
In the third regime (no burning but sheep grazing), many of the 
transects returned satisfactory trends. However, an even greater 
number returned downgrading trends. For example, transect 5 d covered 
West Hopes Scar, a downgrading site mentioned in Chapter 6. This might 
be taken to suggest that burning is not an essential factor in the 
disturbance of such habitats. Certainly, although fire may have been 
involved in the initiation of such sites, it is not essential in the 
maintenance of poor-status and downgrading trends. 
Only four transects were run over sites falling into the fourth 
regime (no burning and no sheep). All of these returned satisfactory 
trends in the absence of any other form of disturbance. Attempts were 
made to try to find sites within this regime which had significant 
disturbances by animals such as rabbits or deer. However, it appears 
that in Hopes Valley such disturbances are only found in the other 
three regimes, particularly those with sheep present. 
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Table 7.8 seems to suggest that, irrespective of burning, 
a larger proportion of downgrading transects may occur in areas 
grazed by sheep than in areas where sheep are absent. Unfortunately, 
the relatively small number of transects and the manner in which 
they were selected preclude the application of statistical tests 
to see if this is a significant association. It seems clear, however, 
that given a much larger number of sample transects, selected according 
to a stratified random sampling design, one could use this approach 
to test for contingency between downgrading transects and factors 
such as burning and sheep grazing. Distinguishing between heavy and 
light burning, frequent and infrequent burning, and heavy and light 
sheep occupancy might make such contingency tests even more enlightening. 
The pilot study transect information also lends itself to 
analysis using simple scatter diagrams. For example, Fig. 7-I shows 
how associations between individual parameters such as the sheep 
occupancy index and conservation trends can be examined in further 
detail. Fig 7-I plots data from 28 - 38 slopes in and around Hopes 
Valley. Similar data from steeper slopes between 39' and 49 are 
plotted in Fig 7-J. In both cases, it is clear that there is no clear-
cut relationship between the proportion of downgrading trends and the 
occupancy index based on dung counts. Other factors are obviously 
active in this area. More data are required to provide a full 
perspective. 
Fig 7-K shows that several of the steep slopes examined in 
Hopes Valley have a high proportion of trails running across them. 
In fact there appears to be a positive correlation between the 
percentage of total sheep trails and the percentage of downgrading 
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Table 7.8 Transect information from steep slopes (28 - 30 
arranged to see if there are associations between_ 
conservation trends and sheep grazing or burning. 
HABITATS WITH SLOPES 28 - 30 
WITH SHEEP 	 WITHOUT SHEEP 
GRAZING 	 GRAZING 
transects: overall overall overall overall 
trends trends trends trends 
satis- down- satis- down- 
factory grading factory grading total 
BURNED AT LEAST 5 6 2 1 14 
ONCE IN PAST 
FIVE YEARS 
UNBURNED FOR 
LONG TIME 8 12 4 0 24 
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assignments made along transects (Fig 7-K). An even closer 
correlation seems to exist between the percentage of bare, active 
trails and the percentage of downgrading assignments (Fig 7-L). This 
reflects the importance of trailing as a mechanism of slope degradation 
in this area, a point already emphasised in Chapters 5 and 6. It is 
possible that active sheep trails may be useful indicators of range 
conditions and trends in this area which could be used by farmers and 
planners for rapid field checks on the suitability of livestock 
stocking rates. Other erosion foci, such as animal rubs and excavations 
could also be used in this way. 
Fig 7-M plots the percentage of downgrading plots in each 
transect on steep slopes between 28 and 38 against the rabbit and 
hare occupancy index. This suggests that there is little relationship 
between these variables, with both large and small values of the rabbit 
and hare index occurring at downgrading and stable sites. 
Fig 7-N shows there is no marked correlation between the rabbit 
and hare index and the sheep occupancy index of transects on steep 
slopes in Hopes Valley. High and low values of each index occur 
in permutation. 
Fig 7-0 plots the percentage groundcover against the sheep 
occupancy index for transects on 28 -38 slopes. This shows there is 
little correlation between sheep occupancy and groundcover. It also 
suggests that both small and large concentrations of sheep occur on both 
the bare and the vegetated slopes examined by the pilot study. The 
same applies to the rabbit and hare index (Fig. 7-P), but Fig 7-Q 
shows that high levels of deer occupancy were markedly absent from the low 
status areas examined. In other words, deer occupancy is not a factor 
50 
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which must be taken into account when studying the erosion of 
bare areas, whereas sheep, rabbits and hares may be significant 
factors. 
Scatter diagrams may also be used to examine relationships 
between status and trends (Fig. 7-R, 7-S,7-T and 7-U). Fig 7-R plots 
the percentage groundcover against the proportion of downgrading trend 
assignments made along the numerous transects run over 28 - 38 
slopes in and around Hopes Valley. Similar data for 39 - 49 slopes 
is plotted in Fig 7-T. Fig 7-S plots percentage groundcover against 
the proportion of stable and/or improving trend assessments made 
along the transects on 28 - 38 slopes, and Fig 7-U plots similar 
data for the 39 - 49 slopes. It is evident from these scatter 
diagrams that while some fairly steep slopes with as much as 70% 
groundcover were judged to be downgrading overall, there were other 
slopes with as little as 42% groundcover which were improving overall. 
However, none of the 28 * -38 slopes with less than 40% groundcover 
were improving overall (Fig 7-S). Similarly, none of the 39 -49 
slopes with less than 50% were improving overall (Fig 7-U). 
It is tentatively suggested that there may be a threshold of 
status for slope recovery, which may be expressed in terms of 
percentage groundcover, below which satisfactory conservation trends 
may be rare under current conditions. Although many more data are 
required before the relationship between status and trends can be 
clearly defined, it does seem that the threshold on 28 - 38 slopes 
is less than 40% of groundover, and the threshold for 39 - 49 slopes, 
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The possibility of the existence of thresholds for 
recovery suggested by the results outlined above, is in keeping 
with the concept of a threshold for accelerated soil erosion described 
by Riney (1978). It is also in keeping with observations by workers 
such as Taber (1952), Mathews (1967), Raup (1969, 1971a), James 
(1971) and Evans (1974a), who have noted that once the proportion 
of bare ground on steep slopes reaches 40 - 50%, the action of 
needle-ice may accelerate the spread of bare ground by inhibiting 
plant seedling establishment and by preparing the ground surface 
for erosion by splashing, mass movement and wind action. Chapter 6 
had already indicated that needle-ice action is a significant factor 
in the erosion of bare and semi-bare slopes in the study area. It is 
terefore reasonable to suggest that thresholds do exist, below which 
erosion is accd.erated, plant succession inhibited and bare slopes 
maintained. 
A simple transect approach, such as described above, may help 
to identify and define the thresholds for accelerated soil erosion 
in the Lammerinuirs. This would enable identification of slopes which 
could benefit from reduction of burning or grazing pressures and 
facilitate the recognition of sites in danger of becoming potential 
erosion hazards before it is too late to avert trouble by simply 
adjusting burning or animal pressures. It might, for example, help 
to avoid costly mistakes such as the extensive planting of 2,000 
alder seedlings and kilograms of birch, broom and gorse, seeds on the 
bare slopes of the gullies next to Whiteadder Reservoir in 1974. Within 
6 months every single tree seedling was heaved up out of the ground by 
frost action and the £2,000 ground stabilisation project was utterly 
ineffective (W. Carr, pers. comms. 1977). 
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On flat or gentle slopes one might expect thresholds for 
recovery of vegetation to be extremely low because there is comparatively 
little potential for erosion processes which rely on gravity. Splashing, 
sheetwash and ruling may occur now and then, but serious erosion of 
even completely bare soil is unlikely. Seedlings are less likely to 
be completely extruded by needle-ice action on gentle slopes than on 
steep ones because the downslope component is absent. Ploughed fields 
and building sites are examples of very low-status, gently sloping areas 
which have little difficulty in revegetating relAtively quickly. 
On steeper slopes, however, one would expect the threshold for recovery 
to be higher. This is an increased potential for mass movement, rilling 
and gullying which can remove the topsoil altogether. Compared with the 
gentler slopes, more litter;: and plant cover is required to break the 
force of raindrops and to prevent surface runoff and the formation of 
needle ice. Plant tussocks provide roots which are needed to help 
anchor the soil on the slope. However, one would not expect the threshold 
for recovery to be a simple linear function of slope steepness. Chapter 
1 has already shown that 30 slopes may be subjected to different stresses 
than 60 slopes because erosion processes such as mass movement and sheet-
wash are both significant mechanisms on slopes between 30 and 40 
(section 1.4.2). Moreover, biogenic erosion stresses, such as sheep hoof 
action, are less likely to occur on very steep slopes (which tIe.animals 
cannot negotiate safely), than on slopes of 20 - 50, which are 
frequently occupied by sheep and other animals. Unfortunately, too few 
data were collected to test this hypothesis using transect information. 
It is now apparent from the erosion form survey work described in Chapter 
3, however, that most of the low-status scars occurring in the Larninermuirs 
are on slopes between 28 and 38. Bare gully slope facets are frequently 
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between 39 and 49. 
Although simple bivariate analysis provides some interesting 
possibilities for the treatment of transect data, it is apparent that 
more precise analysis would require recognition of the interdependence 
and multicollinearity of some of the data on status, occupancy and 
trends. It is also essential to note that the different kinds of 
information collected by multi-purpose transects have distinct uses 
and limitations. The groundcover index, for example, is an accurate 
statistic with a standard error approaching 0.1 which means that it 
can be used confidently in sophisticated statistical tests. On the 
other hand, the deer index can only really be used to indicate the 
presence or absence of these animals at a site. Consequently, non-
parametric statistical tests may be required to deal with this sort 
of information. 
The author looked into the possibilities of using multivariate 
statistical analytical procedures to explore further the relationships 
between status, occupancy and trends in the Lammermuirs using some of 
the parametric data produced by the pilot study and the earlier field 
trials. For example, attempts were made to carry out simple stepwise 
multiple regression analyses to determine, which parameters gave the 
most explanation of the dependent variable, percentage downgrading trends. 
Packaged programmes such as "Biomedical Computer Programs" are ideal 
for this kind of work (B.M.D., 1973). However, there is little to be 
gained in presenting the results of such exploratory analyses here because 
the work was fraught with problems arising from the fact that there were 
really insufficient data. Moreover, the data were autocorrelated and 
non-contiguous (Hauser, 1974; Caughley, pers. comms., 1978). 
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7.6 Chapter Summary and Discussion 
The exploratory work outlined in this chapter has served two 
purposes. Firstly, it has provided some interesting information 
regarding the status and trends of slopes occurring in Hopes Valley 
and Aikengall. Secondly, it has illustrated some potential uses 
and limitations of rapid range survey procedures in the investigation 
of soil-vegetation relations. 
The pilot study indicated that most parts of the two areas 
examined have high status and satisfactory conservation trends. In 
other workds, problems of overburning and overgrazing are relatively 
minor in extent, being restricted to parts of those areas which are ; 
especially susceptible to ecological disturbances. Even some of the 
poorer-status areas at -risk in Hopes Valley have improving trends. 
Nevertheless, there is evidence suggesting that localised excessive 
occupancy by sheep and rabbits and practices such as overburning 
are causing deterioration here and there which might eventually lead 
to the initiation of fresh scars and screes on parts of some steep 
slopes including some sections of old vegetated gullies and riverside 
bluffs. Clear-felling also appears to be capable of initiating 
fresh scars on steep slopes, but the very limited extent of this practice 
in the area at present makes it relatively insignificant in regional 
terms. The results of the transect work are in keeping with the results 
of the findings in earlier chapters which suggested that small localised 
parts of steep slopes in the Lammermuirs can be seriously depleted by 
over-use. However, much more information is required before transects 
can define clearly the cause and effect relationships underlying the 
degradation of these steep slopes. Many factors and different combinations 
of factors appear to be involved. 
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In the light of the transect work results,. the bare, active-
looking scars, sheet forms and some of the glacial spillways described 
and mapped in Chapter 3 may be viewed as examples of steep slopes which 
have downgraded into a rather barren condition. These are interpreted 
as sites which have been subjected to accelerated soil erosion after 
downgrading below the threshold for recovery. This interpretation is 
in keeping with the findings presented in Chapter 4 which showed that 
once formed, these features persist for a very long time. It is 
clear from Chapter 3 that such bare, eroded sites are very localised 
and limited in their extent, and this suggests that significant problems 
of overgrazing and/or overburning are few and far between in this area. 
The fact that many sections of riverside bluffs and many old gullies in 
and around Hopes Valley are high in status with satisfactory conservation 
trends suggests that while there is a potential for degradation and 
erosion of these vulnerable sites, current land-use practices are, by 
and large, meeting the minimum requirements for conserving the soil in 
the area. 
It is interesting to consider the stable, vegetated gullies and 
ravines occurring in the Lammermuirs in terms of the threshold concept 
introduced in section 7.5.3.1 above. One might ask, for example, how 
and when these features were covered over by vegetation following what 
must have been, in some instances, rather severe episodes of erosion. 
Could the steep slopes in these gullies have been stabilised by vegetation 
under present-day conditions ? Were they vegetated under milder climatic 
conditions ? These questions cannot be answered by the transect results 
presented in this chapter. However, if future work using more sophisticate 
transects in the study area substantiates the existence of thresholds for 
recovery, this might support the view that such stable gullies may be 
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very old and may have been vegetated during milder periods. Some 
of the active gullies in and around Hopes Valley, such as Red Scar, 
which has old birch trees growing in its lower channel, seem to be 
ancient gullies whose steep and vulnerable sides have been degraded 
and opened up again by burning, overgrazing or even runoff concentrated 
by hill drains. Certainly, once bare ground is opened up on either 
a gully side slope or riverside bluff, it is unlikely to heal over 
again very quickly, even if the site is protected from burning and 
animals. 
Insofar as the approach and methodology of rapid range surveys 
are concerned, it is evident from the work carried out in the Lammermuirs 
that it is feasible and worthwhile applying conservation transects in 
an area to assess status, occupancy and trends swiftly using minimal 
manpower and expenditure. It is clear from the work in Hopes Valley 
that rapid range surveys are potentially useful tools for the intial 
reconnoitres of study areas and the formulation of working hypotheses 
which can be tested by other kinds of evidence. The use of key sites 
can help to put any degradation and erosion occurring in an area into 
a clearer perspective. Surveys at selected sites can help to evaluate 
the success of measures taken to conserve the soil and improve vegetal 
status. If time permits the use of large numbers of transects, this 
can help to investigate interrelationships between status, occupancy 
and trends and may provide valuable insight into the factors underlying 
degradation and erosion of certain kinds of sites. 
There is every reason to suppose that the simple range survey 
approach used in this chapter could be applied elsewhere in upland 
Scotland. It is envisaged that it might form the basis of initial 
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investigations of varbous erosion-related issues, such as the impact 
of unusually high deer or sheep occupancy levels recently introduced 
on upland areas used for new farming methods, the effects of muirburning 
in remote upland areas, or the effects of clearcutting and burning in 
extensively forested catchments. Before using the range survey approach 
to study these issues, it would be important to recognise that there is 
considerable scope for improving the method of selecting sites, the 
collection of information along transects, and the analysis of the data. 
Moreover, it would be necessary to repeat checks on the validity of 
the trend criteria used, the sampling levels required and operator 
variance to ensure accuracy and precision. More worthwhile results 
might be obtained if range surveys were carried out in conjunction with 





It is the purpose of this chapter to present some overall 
conclusions and a general discussion of what this study has, and 
has not, achieved. The detailed results of the various investigations 
have already been summarised and discussed at length in Part III, 
so it is proposed to present here only a brief overview of the 
numerous findings. 
The conclusions which may be drawn from the work fall into 
two main groups. The first group is concerned with the erosion 
situation in the Lammermuirs, relating to the questions about 
erosion posed in the Introductory chapter. The second deals 
with the uses and limitations of the different investigative 
approaches and methods used. 
8.1 Erosion in the Lammermuirs 
8.1.1 Erosion extent 
The results of the erosion form mapping exercise (Table 3.4a), 
suggest that only a small proportion of the Lammermuirs (0.8%), 
comprises active-looking erosion phenomena such as bare gullies and 
scars. The survey of erosion forms was not completely comprehensive 
because patches of recently burnt moorland (which might be eroding 
slightly) were not mapped. Nonetheless, it is evident that the 
total extent of large, readily visible erosion phenomena such as 
gullies and scars is much less than implied by many earlier writers 
including Stephen and O'Roirdan (1962) and Gorrie (1958). It is 
notable that the overall extent, distribution and range of active-
looking, visible catastrophic erosion features in the Lainmerinuirs 
are in keeping with the findings of Evans (1974a) from the Peak 
District and Imeson (1970) from the North Yorkshire Moors. 
8.1.2 Erosion rates 
In the light of the erosion pin monitoring studies described 
in Chapter 6, and in view of work elsewhere published by other 
workers, it is evident that, even during periods of relative 
quiescence, the active-looking erosion forms in the Lmmermuirs 
are indeed sites where erosion processes operate; something which 
couldnot be assumed in Chapter 3. It is also suggested the 
vegetated localities forming the vast majority of the study area, 
including plant-covered gullies and scars, are not experiencing 
any significant soil losses under present conditions. It remains 
to be seen exactly how much soil loss occurs on recently burnt 
moorland sites in the area. 
Although the observed rates of soil loss are much greater 
than accepted geological norms, it is obvious that these rates are 
presently very low by world-wide standards. In the context of 
denudation, therefore, the erosion is very localised and relatively 
mild. Moreover, little soil is being moved out of the active 
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erosion forms during normal periods. Ledger. et. al (1974) were 
correct in assuming that little or no significant amounts of 
debris were being removed from most of the scars and gullies 
in the study area during quiescent periods. 
Unfortunately, the present study was unable to ascertain 
the rates of erosion likely, to occur in features such as gullies 
and overdeepened drains during rare, high magnitude floods, periods 
of rapid snowmelt, or prolonged droughts. It must be stressed, 
therefore, that the information on erosion rates presented in 
Chapter 6 has distinct limitations. It will be necessary to 
gather more data from many more representative sites over a 
considerable period of time or other kinds of evidence before the 
rates of erosion in the Lammermuirs can be viewed in perspective. 
The mechanisms and manners of action of erosion observed 
to be operating in the study area are remarkably similar to those 
described elsewhere in upland Britain by other workers. Mechanical 
disturbance of the soil on steep slopes by animals burrowing, camping 
and trailing appears to be particularly important in this region. 
Frost action is also important, and seems to play a vital role in 
the maintenance of bare slopes, preparing the soil for the action 
of mass movement, splashing and sheetwash. Floods tend to scour out 
gully channels and undercut the bases of riverside scars and slumps. 
Similarly, wave action during gales causes the undercutting and collapse 
of parts of some reservoir margins. 
8.1.3 Historical trends 
The work on old manuscript estate plans and other historical 
documents (Chapter 4), suggests that many of the gullies and 
scars found in the study area today date back several centuries. 
Indeed, some erosion phenomena may be even older than this. It 
is unfortunate that only a limited amount of fragmentp'ry evidence 
about historical erosion trends could be collected in the time 
available, for knowledge of the age of erosion features and the 
circumstances associated with their initiation is most useful in 
the interpretation of the significance of contemporary erosion 
processes and the suitability of certain land use practices, such 
as the cutting of hill drains. 
It is interesting to note that the initiation of fresh scars 
and gullies within the last century has been minimal and has only 
occurred during rare, high magnitude floods or periods of heavy 
snowmelts. The sequential map and aerial photographic studies 
indicates that the rate of change in both the size and numbers of 
bare erosion features is in keeping with the ground based monitoring 
findings and with long-term erosion rates published by other workers 
in analogous upland areas. In other words, many of the large, bare-
sided gullies and scars are senescent phenomena. They are not 
increasing in size or number at an alarming rate, as suggested by 
some earlier authors. Although the bare gullies may pose a threat 
to water quality during catastrophic flood events, it is clear that 
erosion is not particularly dynamic in the study area even on a longer-
term basis. It is therefore concluded that erosion is not a general 
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problem in the study area. Having said that, however, it is 
important to recognise that in a few, very localised situations, 
erosion has been, and is being, a nuisance to several individuals 
and organisations in this area. The owner of the abandoned 
farm house depicted in Plate 8.1 would certainly endorse this 
view. 
8.1.4 Associations with land-use 
Throughout the study area, strong, logical relationships 
seem to exist between the occurrence of erosion and certain land-. 
use factors, including the cutting of drains, muir burning and 
heavy animal occupancy on heather moorland sites. These 
associations have been demonstrated by analysis of the spatial 
distribution of erosion (Chapter 5), and by analysis of detailed 
erosion monitoring information from representative sites (Chapter 6). 
This view is also supported by the range management work described 
in Chapter 7. From observations made at many different sites in 
the course of this study, it appears that, in at least some parts 
of the Lammermuirs, current practices such as heavy unattended 
moorland burning and subsequent heavy occupancy and grazing by sheep 
and rabbits may still be placing soil at greater risk from sheetwash 
and gully erosion by drastically reducing and inhibiting ground cover. 
However, much more information needs to be gathered and analysed before 
the precise inter-relationships between erosion and such specific 
land-use factors can be properly defined. 
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Plate 8.1 	Abandoned farmhouse at Upper Monynut. 
This dwelling had to be abandoned and a replace:aent 
building erected when the foundations were undermined 
by this riverside scar. The replacement house cost 
several thousands of pounds to erect. This is perhaps 
one of the best case studies illustrating the economic 
consequences of very localised erosion occurrence in 
the study area. 
Below : although the foot of the scar is fairly 
static at present, soil aggregates and stones are 
still being fed into the stream. The economic 
consequences of this are far more difficult to 
ascertain. 
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Insufficient evidence has been presented in this work 
to permit a full assessment of the effects of land-use practices 
on the initiation and maintenance of erosion in the study area. 
All that can be said is that there appears to be little or no 
erosion associated with the forestry, livestock-rearing and 
arable cropping activities on the gentler slopes of the study 
area. However, in the past, there seem to have been erosion 
problems associated with the cutting of moorland drains and the 
burning and grazing of steep slopes. Clear-cutting of 
woodland and the cutting of tracks and forest roads on steep 
ground have also led to erosion, but on a very localised and 
isolated basis. Soil erosion is frequently active under a 
land-use regime with sheep grazing present (Chapter 5). However, 
there are eroding sites in the Lammermuirs where sheep have 
been absent for many years. This underlines the complexity 
of the factors affecting the persistence of bare ground. Once 
drain., gullies and scars erode down into bedrock or drift, 
there is a good chance that the erosion form may stay bare 
for many years, as speculated by earlier writers. 
Perhaps the most important finding concerning associations 
between erosion and land-use factors in the Lammermuirs is that 
under some current regimes of land use, some fairly high status 
upland sites appear to be downgrading. From the soil 
conservation point of view, this is significant because if such 
trends persist, these areas might eventually become sufficiently 
bare to erode, creating fresh outbreaks of sheet erosion, scars 
and gullying. This means that in addition to considering eroded 
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sites when assessing the suitability of different kinds of 
land-use, one must also consider the trends on other kinds 
of site - the "key areas" discussed in Chapter 7. On the 
basis of such trend assessment, it appears that comparatively 
few fresh instances of serious erosion will occur in the 
study area in the next decade if the status quo is maintained. 
The same may not be true, however, in other parts of upland 
Scotland where soils may be more vulnerable to erosion due 
to higher runoff, more frost activity and slower rates of 
plant growth. 
8.2 Approaches and Methods employed to study Erosion - A Retrospect 
The present study also enables some conclusions to be 
drawn regarding the uses and limitations of the variety of 
research approaches and range of techniques used to study 
erosion. Carrying out research in the Lammermuirs, where 
erosion is neither particularly widespread nor intense compared 
with other eroded parts of the world, emphasised the need for 
accuracy and precision, speedy and objective methods, and a 
broad-minded approach to using a wide range of kinds of evidence 
to build up an initial appraisal of erosion in the area. 
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Using a range of approaches in this investigation served 
to underline some of the less obvious but important limitations 
in the type of information which can be collected by certain 
techniques and emphasized the need for cross-checking the 
findings and interpretations of studies based on a single 
investigative approach. It is also evident from this study 
that a combined approach and integrated methodology also 
increases the depth and range of understanding of complex 
erosion situations. 
The desk studies and aerial photographic surveys of 
erosion in the Lammermuirs provide a valuable broad view of 
regional erosion occurrence, associations and historical trends. 
Inspection of individual aerial photographs also gives an 
interesting insight into the character and causes of soil loss 
in the region. Nevertheless, it is evident that in a situation 
where erosion is not especially dynamic nor intense, aerial survey 
work alone may be very misleading. Aerial reconnaissance work 
must be augmented by thorough ground-based support studies. 
It is also important to recognise that only certain types and 
intensities of soil loss can be detected from aerial photographs. 
Similarly, the use of erosion pins and other monitoring 
techniques at vigil sites produced much information regarding the 
character and rates of contemporary erosion changes. However, it 
is essential to place such results into proper spatial and 
temporal perspective using evidence obtained by other means. 
It must be recognised that monitoring work carried out over a 
short time span is unlikely to provide a comprehensive picture 
of the rates and processes of erosion operating over the full 
range of climatic and hydrological conditions which can occur. 
It is also necessary to appreciate that what happens at one 
site in response to a given event need not happen in another, 
apparently similar site. In view of the large number of 
variables involved in the erosion of features such as gullies, 
sampling and interpretation of findings must be handled very 
carefully and care must be taken not to quote the results 
out of context. 
Monitoring investigations are time-bound and time-consuming 
and may not always lend themselves to efficient or comprehensive 
appraisal of cause and effect relationships. In this context, 
the rapid field-based range management approach may have much 
to offer. However, this technique requires a sound training 
based on objective field observations. With further refinement 
and testing, range management procedures may help to quantify 
cause and effect relationships between animals, vegetal status 
and soil erosion. Moreover, by helping to identify sites at risk 
from overuse before any drastic symptoms of deterioration are 
manifest, this approach may form the basis of some important 
management aids for planners and farmers in upland areas. 
It is hoped to follow up this aspect of the work in the future, 
possibly using full-scale surveys of current status and recent 
trends in regions with a wider variety of habitats under 
different regimes of land-use. 
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The investigation of erosion and land-use relationships 
can be a fairly complex operation, analogous with examining 'health" 
in medicine. It therefore requires several different research 
approaches and various methods of study before the subject can be 
seen in proper perspective. It has been shown, for example, that 
while reservoir sedimentation investigations may be a most useful 
means of determining long-term information about the overall 
catchment associated with a certain kind of land-use, they give 
no idea of the localised short-term erosion associated with that 
form of use. Just as in Chapter 7 the syndrome approach used 
many bits and pieces of evidence (each of which alone might 
have been quite insufficient to form a reliable diagnosis, but 
which, collectively pointed to one conclusion), then so too should 
erosion surveys employ different forms of evidence to produce 
meaningful appraisals of erosion situations. In developing 
countries, where soil erosion studies are frequently part of soil 
conservation programmes, integrated approaches can be found 
already. In Britain, where erosion has often been studied as 
part of an academic exercise, this is not the case. This thesis 
has perhaps demonstrated some of the many possibilities and advantages 
of using the 'syndrome' approach in the planning of simple erosion 
studies. 
One particularly useful aid in the planning and execution 
of an erosion investigation is the working plan. Preparing a working 
plan is an important step in defining one's aims and objectives, 
scope and limits, methods and schedules. As sometimes happens, this 
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thesis took longer to prepare than initially anticipated. Using 
a wide range of techniques from a variety of disciplines 
necessitates spending extra time on becoming familiar with 
the relevant literature, and this is something which should 
be taken into account when scheduling interdisciplinary projects. 
Allowance should also be made for the failure of fieldwork methods 
and accidents. For example, after spending hundreds of man-'hours 
setting up two gully monitoring sites near Hopes Valley, the 
author returned one day to find that vandals had removed 
every single debris trap, nail and bench mark. In spite of such 
sethacks,however, there are clearly many advantages in working 
in the field rather than from a laboratory. The simulation and 
modelling of erosion in the laboratory can only be judged in 
the light of information drawn from the field. 
8.4 Summary 
This thesis provides an initial exploration of the character, 
extent and dynamics of visible soil erosion in the Lammermuirs and 
suggests the importance of certain types and intensities of land-
use and management influencing catastrophic erosion in the area. 
The main contribution has been to show there are scores of long-
established erosion phenomena such as gullies and scars where erosion 
processes presently occur at rates comparable with those of analogous 
sites elsewhere in upland Britain, but that in spite of their 
appearance and frequency, such features do not appear to be 
adversely affecting very large proportions of the study area. 
Moreover, they are not increasing in size and numbers at an alarming 
rate, contrary to earlier writers' speculations. By and large, the 
current land-use practices in the area meet the minimum requirements 
for soil conservation. Even exceptional catastrophic storms and floods 
554 
in August 1948 caused only relatively minor changes in the overall 
distribution and size of visible erosion features in the Lammermuirs, 
although considerable volumes of debris flushed out of gullies 
caused damage to valuable farmlands in various localities. 
Having said that land-use practices by and large appear to 
be meeting soil conservation requirements in the area, one of the 
notable findings of this thesis is that heavy sheep occupancy and 
heavy moorland burning have caused serious visible erosion in the 
past and may be presently causing habitat deterioration leading 
to degradation in the future. Therefore, although many of the 
erosion phenomena featured in this study are senescent relicts, 
soil erosion continues to be initiated, emphasizing the susceptibility 
of the steep, freely drained soils to erosion. 
Although the study has answered numerous interesting questions 
concerning visible erosion in the Lammermuirs, several important 
aspects need further examination before a truly comprehensive 
perspective of erosion can be presented. For example, further 
studies are required to throw light onto possible insidious, secular 
erosion losses from upland habitats ; the kind of losses which 
could not be investigated by this study which might account for 
a very significant overall soil wastage in the Lainmermuirs in the 
long-term. 
In view of gaps which still remain in our knowledge and 
understanding of erosion in the Laxnmermuirs, it would be unwise to 
summarise unequivocal conclusions about the alleged erosion problems 
reviewed in the introductory chapter. Few farmers, engineers or 
conservationists working in the area today have direct, substantial 
complaints about erosion or sedimentation. Visible catastrophic 
erosion causes direct financial hardship to only a handful of people 
at present, and is generally held to be only a localised problem. 
Nevertheless, there is a very strong case for investigating 
erosion further, particularly the possibility of insidious 
habitat deterioration which may be widespread and go unrecognised 
for many years. In many other parts of the world, awareness of the 
dormant hazards to water supply quality and upland productivity 
posed by downgrading rangelands and subsequent erosion has 
arrived too late to remedy matters easily. 
Having answered several worthwhile questions about erosion, 
and raised even more, this thesis will, hopefully, encourage 
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A.2.1 	Introduction 
This appendix describes soils which are particularly 
relevent to the work presented in the thesis. For more detailed 
descriptions and discussions of these and all the other soils of 
the study area, consult the regional soil survey memoirs (Ragg and 
Futty, 1967). 
A.2.1.1 The Ettrick Association 
The Ettrick Association is the largest recognised 
by Ragg and Futty (1967). All of this overlies Ordovician and 
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Silurian strata. The association falls into 3 large divisions. 
The largest of these lies between Falahill and the Bothwell 
and whiteadder Waters, where it is bounded by the soils of the 
Lauder Association to the east. The second division lies to the 
east of the Lauder Association at Monynut and Ellemford and extends 
to' - the east coast. The third division lies on Lamberton Moor, 
which is outwith the study area. In all three divisions the 
topography is hilly, rising to 518 m on Meikie Says Law. The 
rainfall range of the association is from 630 mm near the coast 
to 1020 mm in the higher parts of the Lammerinuir Hills. 
The association is developed on Ordovician or Silurian red, 
grey, and brown greywackes, flagstones and shales and on the stony 
drifts derived from these rocks. The extensive cover of stony 
drift gives rise to the association's freely drained and skeletal 
soil series. A more clayey drift gives rise to the less-well-
drained series. The Ettrick Association has a great number of 
individual soil series, including brown forest soils, peaty-podzols, 
iron-podzols, non-calcareous and peaty gleys. The series range in 
drainage characteristics from the excessively drained skeletal soils 
to the very poorly drained peaty gleys. A large proportion of the 
association is uncultivated and most of the soil series can be found 
under some form of semi-natural vegetation. Some of the Ettrick 
Association's soil - series are outlined below. 
A.2.1.1.1 	The Linhope Series 
The Linhope soil series is the most extensive in the area 
mapped by Ragg and Futty, and forms more than 45% of the Ettrick 
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Association. It is developed on a stony drift of medium texture 
(Fig. 2-H) which is found on most of the Lanimermuir Hills up to 
300 m, and sometimes up to 460 m. The annual rainfall for this 
series ranges from 630 mm to 900 mm. Figure 2.1.A shows the 
Linhope series profile. 
The A-horizon is of a very variable depth in this series 
and usually ranges from 5 to 41 cm. It has a well-developed crumb 
structure. Under semi-natural conditions the humus form is moder, 
though examples of A-horizons with mull humus and high worm contents 
may be found. The strong B 2-horizofl development is typical, indicating 
the podzolic nature of the soil. Structure in the B 2-horizon is 
weak, however,. The B 3-horizon just forms a transition from the B 2-
and C-horizons and only rarely shows any induration. Like the C-
horizon, the B 3-horizon is very stony. Colours of the 5YR hue are 
common in all horizons (Munsell Color Company, 1954). 
Ball and Ragg (1960), consider the Linhope series to be a 
brown podzolic soil, transitional between brown earths and true 
podzols, equivalent to the Monod soil series in North Wales, (Roberts, 
1958; Ball, 1960). As in Wales, the chroma of the B 2-horizon tends 
to increase with altitude, because of the free iron oxide content 
increasing with leaching. As a result, an intergrade with the 
Minchmoor soil series occurs at higher altitudes in the study area. 
A.2.1.1.2 	The Flemington Series 
The Flemington soil series is a freely drained brown forest 
soil amounting to less than 2% of the Ettrick Association, which 
lies between Ayton and Foulden. The parent material is a partially 
sorted deposit intermediate between the stony drift of the Ettrick 
Association and the fluvioglacial gravel of the Yarrow Association. 
The major features of this soil series is the deep surface horizon 
and the very stony nature of all of the horizons in spite of the 
relatively high clay content. 
A.2.1.1.3 	The Minchmoor Series 
The Minchmoor soil series is an iron-podzol which comprises 
over 13% of the Ettrick Association, and represents just under 
half of the podzols in the association. It is developed on a 
material similar to that of the Linhope series. The vegetation, 
invariably dominated by heather ( Calluna Vulgaris), is often an 
almost pure heather sward. The annual rainfall occurring over this 
series ranges from 760 to 1020 mm. 
Figure 2.1.B illustrates the Minchinoor series profile. The 
H-horizon may be up to 15 cm thick, but has often been reduced to 
5 cm over much of the series' extent by regular muir burning, (Ragg 
and Futty, 1967). This horizon is a dry fibrous form of raw humus 
and sand grains, which have been either washed or blown onto the 
site, are incorporated into this layer. The humus/iron horizon, 
B 21 , is usually present, sometimes with an incipient B 1 thin iron-
pan within it. This iron-pan may impede the downward movement of 
water. The lower horizons, B 22 , B 3 and C are much the same as in 
the Linhope series. 
An intergrade with the Linhope series is quite common on 
the north-facing slopes near Hopes Reservoir. It is considered to 
be an iron podzol and has been mapped within the Minchmoor series. 
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The profile of the intergrade soil is shown in Figure 2.1.0 The 
main difference in the intergrade soil profile from the Minchmoor 
series is the absence of the distict A2 grey horizon normally 
associated with a podzol. Another difference is the absence of any 
B21 humus, iron-pan or staining. 
A.2.1.1.4 	The Dod Series 
The Dod series (Figure 2.1.D)is a peaty podzol with gleyed A 2 
horizon and a thin iron-pan. It is slightly more widespread than 
the freely drained Minchmoor series and accounts for more than 17% of 
the Ettrick Association. Many of the soils on the flatter parts of 
the LammermuirS were originally mapped as Mincbmoor series but are 
now though to be Dod series. This illustrates the similarities 
between the two soils. Ball and Ragg (1960), stated that the equivalent 
of the Dod series in North Wales is the Hiraethog series which is 
also developed as a rather shallow profile on a thin drift. 
The humus horizon is a wet raw humus or peat which usually 
exceeds 5 cm in thickness. However, due to heather burning, the L 
and F horizons are not usually fully developed, (Ragg and Futty, 1967). 
An incipient A 1 horizon sometimes overlies the "cheesy" gleyed A 2g 
horizon which often has a silty or fine sandy texture. If the B 1 thin 
iron-pan is present, there is usually a root mat above it with organic 
staining caused by root decomposition. 
A.2.1.1.5 	The Kedslie Series 
The Kedslie soil series is a gleyed forest soil on a clayey 
drift with a reasonably high base status. It covers more than 9% of 
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the Ettrick Association and is associated with arable farming. 
The blocky structure of the S-horizon, prismatic B 2 horizon 
and massive clayey C-horizon are the main features of this series. 
A.2.1.1.6 	The Ettrick Series 
This series (Figure 2.1.E.) is a non-calcareous gley of 
limited extent, covering 5% of the association. Part of this 
series is under cultivation, but it is usually left under a 
semi-natural vegetation including many "wet" species. Humus 
in the A 
1 
 g horizon is moder or mull-like moder with much organic 
matter in colloidal form. This horizon has a relatively fine 
structure compared with the coarse prismatic structure of the A 2 
and B 2 g horizons. Gleying is most intense in the A 2g and B 2 
horizons, below which mottling decreases. Ball and Ragg (1960) 
equated the Ettrick soil series with the Cegin series of 
North Wales. 
A.2.1.1.7 
The Hardlees series is a peaty gley developed on a clayey 
till similar to that of the Ettrick series. The series is confined 
to the Lainmermuir Hills, occupying nearly 4% of the association. 
It occurs on depressional hill sites. Ball and Ragg (1960), correlated 
this series with the Ynys series which is widespread on the Denbigh 
Moors. 
A.2.1.2 The Lauder Association 
Large and similar in many respects to the Ettrick Association, 
the Lauder Association covers an area between Longformacus, Spott 
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Burns, Oldhamstocks, Nether:.MOnyflUt, Ellemford, and Hardens 
Hill and extend into the Borders to the south. It is developed 
on parent materials derived from Upper Old Red Sandstone 
conglomerates and sandstones. These show similarities with 
Ordovician and Silurian greywackes (from which the conglomerates 
were formed). The texture varies, but the dominant fades of the 
parent material is conglomerate. 
The materials derived from the conglomerates vary in depth 
and clay content. The clayey till found in depressions and valleys 
is similar to the material giving rise to the Ettrick and Kedslie 
series described above, and gives rise to Lylestone, Spott and 
Wakenway soil series. The rotten rock and stony drifts derived 
from the conglomerates form the parent materials of the freely 
drained Ewelairs, Langtonlees and Lauder series. For obvious 
reasons the Lauder Association's soils show very close affinities 
with those of the Ettrick Association. In fact, were it not 
for the brighter red hues of the Lauder Association and the presence 
of well-rounded cobbles or pebbles or greywacke, the two would be 
virtually indistinguishable. Some of the series comprising the Lauder 
Association are outlined below. 
A.2.1.2.1 	The-Lauder-Series 
Comprising more than half the Lauder Association, the Lauder 
soil series is a freely drained brown forest soil developed on a 
shallow stony till or directly on, bedrock. On the hills it supports 
acid grassland vegetation, but on lower ground it is usually cultivated. 
Figure 2.1.F gives the profile description. 
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A.2.1.2.2 The Ewelairs Series 
The Ewelairs series is a peaty gleyed podzol with a thin iron-
pan which amounts to just under 7% of the Lauder Association. The 
slightly impeded drainage is occasioned either by a fine textured 
drift such as the parent material of the Spott series, or by the 
site conditions which are often flat or depressional. The vegetation 
is usually a Callunetum with "wet" species. 
A.2.1.2.3 The Langtonlees Series 
The LangtonleeS (Figure 2.1.G) soil series is an iron podzol 
which forms more than 15% of the Lauder Association. It occurs on 
freely drained hilly sites and usually supports a Callunetum. The 
raw humus of the surface horizon seldom carries an L or F layer, due 
to the extensive burning which is practised, (Ragg and Futty, 1967). 
In places the H-horizon may also be removed completely through burning, 
in which case IVardus stricta replaces Calluna as the dominant species 
and on steep slopes soil erosion may result, (Ragg and Futty, 1967). 
A.2.1.2.4 	The Spott Series 
The Spott series is a brown forest soil with gleyed B and C 
horizons. It forms nearly 11% of the Lauder Association and is the 
main arable soil within the association. Its main occurrence is 
just south and east of Spott and around Oldhamstocks. 
A.2.1.3 Peat Soils 
It is difficult to demarcate peat from peaty soils in a consistent 
manner. For practical purposes, therefore, the Soil Survey of Scotland 
classifies peat as anything which has a surface organic horizon more 
than 30 cm deep and exceeds 60% organic matter content. 
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There are two main types of peat in the Lainmermuirs ; basin 
peat and high level blanket, or hill, peat. Neither of these has 
ever been disturbed by' commercial extraction. The hill peat covers 
extensive tracts of the Lammermuirs and adjoining Moorfoot Hills. 
The peat cover seldom exceeds 30 cm depth and merges imperceptibly 
with peaty-podzols. The peat is dark brown and has an amorphous 
structure. It shows only a slight to medium degree of humification, 
(115 to 117 on the Von Post Scale). The maximum known depth of the 
hill peat is approximately 40 cm, so although its distribution and 
stratigraphy conform to typical high level blanket bog, its shallowness 
prohibits a clear distinction from the associated organo-mineral 
soils which surround it. 
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Figure 2.1.A 
Description of Linhope soil series 
Topography 	Hilly 
Vegetation 	Ag'rostis tenwzs ( a.* and d), Anthoxanthum odoratwn (a), 
Festuca ovina (a), Poa pratensis (a)., Galium saxatile (f), 
Descha'rrpsia flexuosa (f), Potentilla erecta (f), 
Rwnex acetosa (f), Trifoliwn repens (f), Veronica - 
chcvnaedrys (f), Rhytidiade iphus squarrosus (f). 
Drainage class 	Free 
Profile description :- 
Horizon Depth (cm) Notes 
L 3-0 Grass litter 
A 0-30 Dark grey-brown loam (10YR4/2)+ ;• 
medium crumb; firm; moderate organic 
content; frequent angular and sub- 
angular stones; abundant roots; 
sharp change into 
B2 30-51 Strong brown (7.5YR5/8) loam 
weak crumb; very friable; abundant 
angular stones; abundant roots; 
merging into 
51-76 Yellowish brown (10YR5/6) loam; B3 
structure dominated by stones; 
loose; abundant angular stones; 
occasional roots; gradual change into 
C 	 76 + 	 Brown (10YR5/3) loam; structure 
dominated by stones; loose; very 
abundant angular stones; roots rare. 
+ = Munsell Soil Colour (Munsell Color Company, 1954) 
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Figure 2.1.B 
Description of Minchmoor Soil series 
Topography : Hilly 
Vegetation : Calluna vuZ.garis (a and d), Erica cinerea (la), 
Vaccinium niyrtillus (a), Deschconpsia flexuosa (f), 
Nardus stricta (f), Hylocomium splendens (a). 
Drainage class : Free 
Profile Description 
Horizon Depth (cm) Notes 
H 5-0 Very dark brown (1OYR2/2) dry 
fibrous high organic content; 
abundant roots; occasional sand 
grains; gradual change into 
A1 0-1 Very dark brown (10YR2/2) dry 
fibrous humus; high organic content; 
abundant roots; abundant sand grains; 
clear change into 
A2 1-15 Dark grey (10YR4/1) sandy loam; 
very weak crumb; friable; moderate 
organic content; occasional stones, 
much weathered and leached; abundant 
roots; sharp change into 
B21 15-23 Dark reddish brown (2.5YR2/4)humus/ 
iron pan 
B22 23-41 Yellowish red (5YR4/8) loam, very 
weak find crumb; very friable; abundani 
angular stones; abundant roots; 
gradual change into 
B3 41-61 Yellowish brown (10YR5/4) sandy loam; 
weak platy; firm; weakly indurated; 
abundant stones; roots rare; gradual 
change into 
C 61 + Yellowish brown (10YR5/4) sandy loam; 
structure dominated by stones; loose; 
very abundant angular stones; roots 
rare. 
Figure 2.1.0 
Description of Intergrade between Linhope and Minchmoor soil series 
Topography 	Hilly 
Vegetation : CaZluna vulgaris (a and d), Erica cinerea (a), 
Vaccinium myrtillus (f), V. vitis-idaea (f), 
Deschczrn'psia flexuosa (f), Fes tuca ovina (f). 
Drainage class ; Free 
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Profile Description :- 
Horizon 	 Depth (cm) 
H 	 3-0 
Notes 
Dark reddish brown (5YR2/2) 
'mealy' humus; abundant roots. 
Dark reddish grey (5YR4/2) fine 
sandy loam; medium blocky; firm; 
moderate organic content; frequent 
angular stones; abundant roots; 







20-51 	 Strong brown (7.5YR5/6) stony 
loam; structure dominated by stones; 
friable; very abundant angular 
stones; frequent roots; gradual 
change into 




Description of Dod soil series 
Topography 	Hilly, gently sloping 
Vegetation 	Calluna vuigaris (a and d), Nardus stricta (a), 
Erica tetralix (if), Juncus squarrosus (if), 
Molinia caeruiea (f), Deschainpsia fiexuosa (f), 
Trichophoruin caespi toswn (f), Hypnuzn cupressiforme 
var. ericetoruin. 
Drainage class : free below B 1 horizon 
Profile Description :- 
Horizon 	 Depth (cm) 	Notes 
L 	 13-10 	 Very dusk red (2.5YR2/2) litter. 
H 	 10-0 	 Black (5YR2/1) greasy humus; sharp 
change into 
• 0-10 Brown (7.5YR5/2) silt loam; weak g fine blocky; friable; moderate 
organic matter; occasional, small 
much weathered stones; abundant 
roots; merging into 
A22( 10-13 Very dark grey (5YR3/1) silt loam; 
g ) weak fine blocky; friable; high 
organic content; root mat at base 
of horizon; sharpe change into 
B1 13 Weak, discontinuous thin iron pan. 
B2 13-30 Yellowish red (5YR5/6) loam; weak 
crumb; friable; abundant small 
angular stones; frequent roots; gradua 
change into 
B3 30-53 Reddish brown (5YR5/4) loam; massive; 
indurated; very firm; abundant small 
stones and grit fragments; roots rare; 
gradual change into 
C 53 + Brown (7.5YR5/4) stony loam; very weak 




Description of Ettrick soil series 
Topography : Gently rolling 
Vegetation z Deschampsia caespitosa (a and d), Holcus icinatus (a), 
Agrostis tenuis (f), Festuca ovina (f), Juncus 
acutiflorus (f)., J. effusus (f), Ranunculus acris (f), 
Trifoliurn repens (f), Carex spp. (o)., Cirsiurn spp. (o), 
Pseudosc leropodi urn pur urn (a), Rhytidiade iphus 
squarrosus (a). 
Drainage class : Poor 
Profile Description :- 
Horizon 	 Depth (cm) 	Notes 
A1 (g) 	 0-15 	 Grey (10YR5/1) silt loam; medium 
blocky; plastic; moderate organic 
matter; no stones; abundant roots; 
clear change into 
A2 (g) 	 15-30 	 Light brown-grey (2.5Y6/2) silty 
clay loam; coarse prismatic; plastic; 
occasional much-weathered stones; 
abundant roots, many dead; worms 
present; few brown mottles (7.5YR4/4) 
and black manganiferous stains; 
gradual change into 
B2 (g) 	 30-58 	 Brown (7.5YR5/4) silty clay loam; 
prismatic; plastic; frequent small 
weathered stones; frequent roots, man 
dead; prominent mottles; gradual 
change into 
B3 (g) 	 58-76 	 Reddish brown (5YR5/4) silty clay 
loam; massive; firm; abundant small 
sub-angular stones; occasional roots; 
distinct grey mottles (7.5YR6/0); 
few reddish yellow (7.5YR6/6) mottles 
black manganiferous stains; gradual 
change into 
C(g) 	 76 + 	 Reddish brown (5YR5/4) silty clay 
loam; as B3 (g) horizon but mottling 
less intense. 
Figure 2.1.F 
Description of Lauder soil series 
Topography : Hilly 
Vegetation 	Agrostis tenuis (a and d), Festuca rubra (a), 
Poa pratensis (a), Trifoliwn repens (a), 
Ant ho xant hum odoratwn (f). 
Drainage class 	Free 
Profile Description :- 
Horizon 	 Depth (cm) 
A 	 0-20 
Notes 
Dark brown (7.5 YR4/2) loam; 
medium crumb; friable; moderate 
organic content; frequent rounded 
and sub-rounded stones; abundant 
roots; clear change into 
B 	 20-56 	 Yellowish red (5YR4/6) stony loam; 
fine sub-angular blocky; friable; 
abundant stones; frequent roots; 
gradual change into 
C 	 56 + 	 Reddish brown (2.5YR4/4) stony 
sandy laom; massive; firm; weakly 





Description of Langtonlees soil series 
Topography 	Hilly 
Vegetation : Calluna vulgaris (a and d)., Vacciniuin inyrtillus (f),, 
Enrpetrum nigrwn (o), Deschampsia flexuosa (o). 
Drainage class 	Free 
Profile Description:- 
Horizon Depth (cm) Notes 
H 8-0 Very dark brown (10YR2/2) raw humus; 
medium blocky; firm; frequent white 
rounded quartz grains; abundant 
roots; clear change into 
A2 0-13 Very dark grey-brown (10YR3/2) fine 
sandy loam; angular blocky; friable; 
moderate organic content; abundant 
small stones; sharp change into 
B21 13-15 Dark reddish brown (2.5YR3/4) gritty 
loam; humus iron pan; weakly cemented 
sharp change into 
B22 15-33 Yellowish red (5YR4/6) loam; fine 
blocky; friable; abundant rounded 
stones; frequent roots; clear change 
into 
B3 33-61 Reddish brown (5YR4/4) sandy loam; 
massive; weakly indurated; very 
abundant rounded stones; occasional 
roots; gradual change into 
C 61 + Reddish brown (2.5YR4/4) gritty sandy 
loam; weathered conglomerate. 
APPENDIX 2.2 
EXTRACTS FROM REGIONAL SOIL MEMOIRS SHOWING ANALYTICAL DATA 
FOR SELECTED SOIL SERIES 




Linhope A 24.3 37.0 33.7 1.81 3.27 5.08 2.36 
Linhope A 18.6 53.7 15.3 4.72 6.42 4.09 2.47 
Linhope A 27.6 33.4 32.9 1.85 4.05 4.61 2.25 
Linhope A 47.9 23.2 14.1 5.04 9.64 3.89 - 
Kedslie S 22.4 37.9 35.5 1.70 2.36 6.30 - 
Minchmoor A2 62.8 24.8 6.3 13.90 5.32 3.58 - 
Minchmoor A2 73.5 10.7 9.7 8.68 6.46 3.91 - 
Minchmoor A2. 47.4 33.3 13.3 6.06 4.32 4.30 2.23 
Dod A2(g) 37.1 32.8 23.8 2.93 4.14 4.23 - 
Dod A2(g) 38.7 39.9 14.7 5.34 3.95 4.13 - 
Dod A2(g) 36.1 42.7 16.3 4.83 4.79 3.70 - 
Ettri.ck A1(g) 22.8 35.8 26.7 2.19 7.52 5.38 - 
Hardlee A2(g) 20.6 37.3 37.5 1.54 3.58 4.43 - 
Lauder S 29.3 41.7 23.7 2.99 3.52 5.37 2.02 
Lauder S 52.4 20.6 23.6 3.09 2.06 5.59 - 
Spott S 39.8 38.3 18.9 4.13 1.53 7.11 - 
Langtonlees A2 52.8 29.9 12.0 6.89 5.09 3.70 - 
Lylestone A1(g) 31.9 35.4 26.3 2.55 7.12 4.68 - 
Wakenway A2(g) 51.5 30.7 13.6. 6.04 4.43 4.18 - 
Priestlaw A 71.0 18.7 5.4 16.6 4.32 5.02 - 
Mungo A(g) 51.9 34.8 7.0 12.4 7.04 4.53 - 
Alluvium(U) 5 78.5 16.2 5.3 17.9 1.46 6.17 - 
Alluvium(U) A 52.8 26.5. 17.4 4.56 3.34 5.44 - 
USDA Sand size = 2,000 - 50/A 
USDA .Silt size = 50 - 2/A 
Refer to Ragg & Futty (1967) for a fuller set of analytical statistics. 
572 
Appendix 4.1 	List of some manuscript estate plans held by 
Scottish Record Office, West Register House, Edinburgh 
REP. 2514 
	
Thomas Winter (1753) 
	
Plan of the estate of Blackcastl 





Plan of the inclosures of Hopes 
1:2,400, NT5663 
	
coloured, 75 cm x 47 cm 
REP. 62*  
RHP.1037* 
RHP.3550* 
William Cockburn (1765) 	Plans of Coldinghame Moor 
1:6,300, NT8568 	 greywash, 147 cm x 101 cm 
John Bell (1792) 	 Estate plan of Waldahie. 
1:8,900, NT6771, 	 greywash, 48 cm x 32 cm 
(1805) 	 Plan of the division of 
1:1,600, NT7466 	 Chirnside Common 




John Blackadder (1808) 
1:2,400, NT5256, 




Plan of Riddel Lodge by Cadam La 
coloured greywash, 119 cm x 73 c 
Plan of Riddel Lodge by Lamb Ric 
coloured greywash, 120 cm x 73 c 
Plan of the farm of Thus Hill. 
coloured greywash, 95 cm x 65 cii 
RHP.536/1-5 	George Buchanon (1819) 	The commonty of Oldhamstocks 
1:7,900, NT7268, 	 relief by brushed hachures, 
lithographed by Forrester and Morison, Edin., 56 cm x 42 cii 
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RHP.1258* 	George Buchanon (1820) 	Plan of the farm of Tullis 
Hill with the land ploughed up in the year of 1818. 
1:2,400, NT5157, 	 coloured, 110 cm x 81 cm. 
RHP.2519/1 	John Mason (1823) 	 Plan of Aikengall. 
1:4,050, NT7070, 	 coloured, 101 cm x 68 cm. 
RHP.2519/3* 	John Mason (1823) 	 Farm plan of Cocklaw. 
1:4,050, NT7371 	 coloured, 99 cm x 68 cm. 
RHP.2519/4* 	John Mason (1823) 	 Woolylands and Kirkiands farm 
plans 
1:4,050, NT7470 	 coloured greywash, 98 cm x 68 cii 
RH?. 201/1 
	
Nicholas Weatherby (1832) Dunbar Common 
1:3,200, NT6469 	 183 cm x 238 cm 
RHP. 201/2 
	
Nicholas Weatherby (1832) Map of Dunbar Outer Common. 
1:9,500, NT6469, 	 hachures, 64 cm x 80 cm. 
RH?. 536/2* 	George Buchanon (1834) 
	
The Commonty of Oldhainstocks 
1:3,600, NT7268 
	
hachures, 79 cm x 61 cm. 
RHP. 1252* 
	
Geo. Hunter (1859) 
	
Sketch of the estate of Hopes 
1:3,200, NT5663, 	 coloured, 73 cm x 56 cm. 
RHP1035/1* & 2* Archibald Sutter (1860) 	The Estate of Blackburn 
1:7,100, NT7766, 	 68 cm x 57 cm. 
RHP.1253/1* 	W. & A.K. Johnston, lithogs. (1874). Plan of Hopes Estate 
1:4,000, NT5663 	 coloured, 62 cm x 54 cm. 
RHP.3311 	(1882) 	 Plan of the Estate of Branxton 
-:7,100, NT7569, 	 coloured, 137 cm x 106 cm. 
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Appendix 4.2 	Specifications of some of the photographic 
sorties shown in Figure 4D. 
Sortie Date Scale Print Quality 
B120 15.4.46 1:10,000 Poor. Dim, flat and blurred 
in some places. Tilted on 
some runs. 
B247 28.7.48 1:10,000 Reasonably good. 
B277 11.6.49 1:10,000 Excellent. 	Good contrast. 
Prints sharp and clear. 
B313 12.6.50 1:10,500 Good, print very sharp and 
clear. 
Appendix 5.1 Techniques used to obtain additional erosion 
inventory data. 
Information concerning several major physical and ecological 
attributes of each of the erosion form sites identified on the 
Ordnance Survey 1965 aerial photography (Chapter 3), was obtained 
by examining appropriate maps and aerial photographs. This was then 
noted on Section II of the erosion inventory pro-forms mentioned in 
Chapter 3. Figure 5.1.A below, illustrates this part of the census 
sheet. It records details of the nature of the slope upon which the 
erosion form occurred, the character of the soils involved, the 
type of surrounding habitat and land-use. In addition, the pro-forma 
records miscellaneous information such as the proximity of the 
erosion form to the nearest permanent water course. The procedures 
for collecting these different kinds of information are briefly 
outlined below. 
altitude 	The altitude of the highest part of the erosion phenomena 
was obtained from larg scale topographic maps produced by the Ordnance 
Survey. Since the only available maps employed imperial units of 
measurement, the altitude information was registered in feet above 
sea level and subsequently converted to metric units using a general 
computer transgeneration procedure. If the erosion form in question 
was a gully, a record was made of the difference in altitude between 
its highest and lowest parts. 
aspect 	The general aspect of the hillslope upon which the erosion 
phenomena occurred was registered as a compass bearing from Grid North. 
These bearings should be considered apprad.mions because larger 
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Fig. 5.1.A 	Section II of the Erosion Form Census Sheet. 
(Section I of which is shown in Fig. 3-D) 
EROSION FORM CENSUS SHEET - SECTION II 
	
ALTITUDE - indicate altitude (feet O.D.) of highest part1 	 1 41 - 44 of the form 	 L I 
- if site is a gully, give height difference 
between head and foot 
SLOPE ASPECT (degrees from Grid North) 
SLOPE ANGLE (degrees) 
SLOPE PROFILE - tick appropriate box 	STRAIGHT 
CONVEX 
CONCAVE 
1 	I J1 45-46 
II I 	I 48-50 








SOIL SERIES - name series name/s J 	 1 L I I 	I 56 - 58 
SURROUNDING HABITAT TYPE (tick box) 	WOODLAND I 1 60 
PERMANENT PASTURE 1 	1 61 
MOORLAND I I 62 
UPLAND GRASSLAND 63 





Recently ploughed up 
[ 	 I for afforestation 67 
Other (specify) F I 68 - 69 
PROXIMITY TO PERMANENT WATER COURSE 	 70 - 73 
PROXIMITY TO NEAREST NEOLITHIC HILLFORT 	 74 - 77 
PRESENCE / ABSENCE OF HILL DRAINS, OR OTHER DRAINS 	 I 	I 78 
GULLY LENGTH 	 I I I 79 - 81 
GULLY WIDTH 	
L I 	I I 82 - 84 
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scale erosion forms often covered slopes exhibiting a restricted 
range of aspects, and it was sometimes necessary to record an 
average aspect value relating to the central portions of such features. 
slope angle 	Several techniques for estimating slope angles were 
tried out to determine the angle of the slope facet upon which 
each erosion form occurred, These attempts were unsuccessful. 
Estimations of slope angls from large scale topographic maps were 
easily obtained, butinterpolation between contours gave inaccurate 
and misleading figures highlighted by the accurate results of slope 
determinations based on aerial photogrammetry work. Unfortunately, 
the photogrammetry procedures proved too laborious and time-consuming 
to be practicable for full-scale operations. Attempts to determine 
slope angles using an aerial photograph stereo comparator were also 
made but the results were insufficiently precise to justify widespread 
application on every erosion form. In view of these problems, it 
was necessary to abandon the proposed measurements of slope angles and 
use soil type information instead as a crude indication of slope 
steepness 
slope profile 	Stereo aerial photography was used to determine 
whether the hilislope profile under examination was straight, convex 
or concave in section. This information was noted for each erosion 
form site. 
soil series 	The soil series mapping sheets (1:25,000)produced by 
the Macaulay Institute for Soil Research, Edinburgh, were used to 
determine the character of the soils at each erosion form site. Where 
large erosion phenomena crossed more than one soil series, all the 
relevant soil category information was systematically recorded on the 
census pro-forma. 
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surrounding habitat type 	Photo-interpretation of the 1965 Ordnance 
Survey aerial photographs was used to determine the nature of the 
habitat immediately surrounding each erosion form. The habitat 
classification adopted was that used by the Nature Conservancy 
Council's 1965 Habitat Survey, with one or two slight modifications. 
By and large, the categories shown on the census pro-forma (Fig. 5.1.A), 
are mutually exclusive. If a large erosion feature, crossed more 
than one habitat category, each of the categories involved was 
systematically registered on the census sheet. 
proximity to permanent water courses 	The proximity of each erosion 
form to the nearest permanent water course was assessed by reference 
to 1:10,560 topographic maps produced by the Ordnance Survey, and 
cross-checked by examination of appropriate aerial photographs. The 
measurement was taken along the natural. line of slope running from the 
lowest part of the erosion form. 
proximity to hill forts Similarly, the direct proximity of hill forts 
depicted on the Ordnance Survey 1:10,560 mapping was measured and 
noted. 
presence or absence of drains The presence or absence of moorland 
drains feeding into each erosion form was determined from photo-
interpretation of stereo aerial photographs and if present, a note 
was made. 
gully dimensions Indications of the lengths and maximum widths of 
gullies were taken from the erosion mapping sheets described in 
Chapter 3. In so far as possible, the aerial photography of the area 
was employed to cross-check these measurements. 
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APPENDIX 5.2 	Tables showing frequencies and areal extent of selected 
types and states of erosion phenomena identified in the 
Lammermuirs, cross—tabulated according to soil categories. 






All overdeepened drains 
Active overdeepened drains 
Active scars and slumps 
Active rabbit warrens 
Active rubs, (per se) 
Active camps, trails and rubs, (per se) 
(1) Active riverbank erosion forms 
All manmade erosion features 
Active manmade erosion features 
APPENDIX 5.2 
TABLE (a) 	DISTRIBUTION OF ALL GULLY EROSION FORMS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
IBROWN FOREST POOZOLS GLEYS PEATY GLEYS COMPLEX SKELETAL I 	SOILS  
FREE1 IM PERFECI FREE IMPERFECT POOR POOR V. POOR Row total -(DRAINAGE) 
ETTRICK 66 5 
24 29 2 5 . 131 
32.7 0.5 8.5 9.9 0.4 1.4 . 	 . 53.4 
72- 6 
___ 




36.7 1.0 12.8 - 	 . 	0.1 3.9 . 	 0.6 55.1 
I. 
PRIEST L 4W 






OTHER SOIL ALLUVIUM. PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT HILL PEAT 
2 .16 











figure in each cell refers to Note : 	 Upper 	 C" numberof observed 
 
Lower figure in each cell indicates extent (ha) 	(± 0.1 
 
TABLE 	b), 	DISTRIBUTION OFACTIVE GULLY EROSION FORMS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
(DRAINAGE) 
IBROWN FOREST POOZOLS I 	SO I LS  GLEYS PEATY GLEYS COMPLEX SKELETAL 






























PRIESTLAW ___ ___ -- ___ . . 0 
• YARROW 
0.3 . ____ . 1 
ECKFORD ____ ____ ____ ____ ____ ____ ____  0 
INNERWICK 1 ___ ___ ___ ___ ___ ___ ___ ___ •1 
0.1 
53 2 
OTHER SOIL ALLUVIUM 	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT 	HILL PEAT Grand total 
CATEGORIES 0.1 15.6 0.7 ha 
Note Upper figure in each cell refers to number of observed cases 
Lower figure in each cell indicates extent (ha) (± 0.1 ha) CA 
OD 
APPENDIX 5.2 
TABLE (c). 	DISTRIBUTION OF STABLE GULLY EROSION FORMS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
1 BROWN FOREST PODZOLS GLEYS PEATY GLEYS COMPLEX SKELETAL 
SOILS  
FREE IMPERFECI  FREE IMPERFECT  POOR POOR V. POOR Row total (DRAINAGE) 
ETTRICK 35 5 10 
10  3  63 
- 20.6 0.5 1.7 3.3 1.1 
LAUDER 
35 2 6 1 
44 
22.4 0.6 3.7 0.1 
PRIESTLAW I 	I 
YARROW 	2 	I _L 
2.6 I 	0.2 
3 
ECKFORD 	I 	I 	I 	I 	I 	I 	I 	I 
INNERWICK 	I 	I 	I 	I 	I - 
OTHER SOIL ALLUVIUM 
	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT 	HILL PEAT 
12 	 2 
CATEGORIES 	1.1 	 16.3 1.3 
Note : 	 Upper figure in each cell refers to number of observed cases 








TABLE (d) ' 	DISTRIBUTION OF ALL STATES OF FANS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
GLEYS PEATY GLEYS 	COMPLEX 	SKELETAL 
BROWN FOREST PODZOLS 
(DRAINAGE) FREE 	IMPERFEC FREE IMPERFECT POOR POOR V. POOR Row total 
ETTRICK - 	 ___ 1_ 
0..70 0.05 0.20 0.19 
LAUDER iLl ___ ___ ___ 4  








OTHER SOIL 	ALLUVIUM 	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT HILL PEAT 
CATEGORIES 0 . 11 	 0.09 
Note 	 Upper figure in each cell refers to number of observed cases 
Loer figure in each cell indicates extent (ha) (t 0,01 ha) 








TABLE 	(e) 	DISTRIBUTION OF ACTIVE FANS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
(DRAINAGE 
1 BROWN FOREST PODZOLS GLEYS PEATY GLEYS COMPLEX SKELETAL 















IN NE R WICK 
OTHER SOIL ALLUVIUM 	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT 	HILL PEAT 
CATEGORIES  
Note 	 Upper figure in each cell refers to number of observed cases. 




TABLE (f). 	DISTRIBUTION OF ALL OVERDEEPENED DRAINS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
JBROWN FOREST POOZOLS GLEYS 
SOILS  
PEATY GLEYS COMPLEX SKELETAL 
(DRAINAGE) FREE IMPERFECI  FREE IMPERFECT  POOR POOR V. POOR 
ETTRICK 38 1 20 15 1 
3.2 0.0 1.9 0.5 0.2 





(YARROW 	I 	I 	I 	I 	I 	I 




OTHER SOIL ALLUVIUM 	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT 	HILL PEAT 
CATEGORIES 	0 . 	 S ____ 	 ____ 
Note : 	 Upper figure in each cell refers to number of observed cases 








TABLE 	(g), 	DISTRIBUTION OF ACTIVE OVERDEEPENED DRAINS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
(D RAIN AOE) 
BROWN FOREST 
SOILS 
POOZOLS GLEYS PEATY GLEYS COMPLEX SKELETAL 


















OTHER SOIL ALLUVIUM 	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT 	HILL PEAT ' 
CATEGORIES 	0.0 	 0.0 	 0.0 
Note : 	 Upper figure in each cellrefers to number of observed cases 
Lower figure in each cell indicates extent (ha) (± 0.1 ha) 
Grand total 
75 
4 . 8 	ha 
a' 
APPENDIX 5.2 
TABLE 	(h) 	DISTRIBUTION OF ACTIVE SCARS AND SLUMPS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
BROWN FOREST POOZOLS GLEYS PEATY GLEYS COMPLEX SKELETAL 
SOILS  
FREE IMPERFECI FREE IMPERFECT POOR POOR V. POOR . . Row total (DRAINAGE) 
ETIRICK 98 3 20 58 8  5  i 
9.8 0.0 0.9 3.3 0.4 0.4 0.0 
193 
LAUDER 58 2 28 1 15 7 __ 







INNERWICK 	I 1 
0.0 
OTHER SOIL 
IALLUVIUM 	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT 'HILL PEAT 
I 
CATEGORIES 	14 	I 	 J 	28 	 2 
	
0.6 1.2 	 0.2 
Note : 	 Upper figure in each cell refers to number of observed cases. 






OTHER SOIL JALLUVIUM PEAT-ALLUVIUM MIXED BOTTOM IBASIN PEAT 'HILL PEAT 
CATEGORIES 
Note Upper figure in each cell refers to number of observed, cases. 
1+  








TABLE 	(1) 	DISTRIBUTION OF ACTIVE RABBIT WARREN FORMS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
(BREAKDOWN OF 47 COMPLEXES INTO 66 CASES) 
FOREST POOZOLS GLEYS. PEATY GLEYS COMPLEX SKELETAL /BROWN 
SOILS 
(DRAINAGE) FREE IMPERFECI  FREE IMPERFECT POOR POOR V. POOR 
ETTRICK 41  .5 	S 9  3 
2.45 0.57 0.10 0.61 
LAUDER 8 ___ 1, ___ ___ . 
0.28 





THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
(j) DISTRIBUTION OF ACTIVE-RUBS AMONGST 
(Does not include rubs in bigger erosion forms) 
BROWN FOREST POOZOLS GLEYS PEATY GLEYS COMPLEX SKELETAL 
(DRAINAGE) FREE IMPERFEC FREE IMPERFECT POOR POOR V . POOR 
ETTRICK ____  14 1 1.49 0.09 0.09 0.21 0.01 0.03 
LAUDER 27  5  2.  












OTHER SOIL 1ALUJIJM 	PEAT-AL 	MIXED BOTTOM JBASIN PEAT HILL PEAT 	I 	Grand total 	1 J 1 	 __ 	 2 135 CATEGORIES 	0.08 	 0.2 I 0.05 	J  
Note 	 Upper figure in each cell refers to number of observed cases 




TABLE (k) 	DISTRIBUTION OF ACTIVE ANIMAL CAMPS, RUBS AND TRAILS AMONGST THE DIFFERENT SOIL TYPES AND SOIL 
ASSOCIATIONS. 
'BROWN FOREST 	PODZOLS 	GLEYS PEATY GLEYS COMPLEX 	SKELETAL 
SOILS 
	
(DRAINAGE) FREE 	IMPERFECi  FREE  IMPERFECT POOR 	POOR 	V. POOR 










OTHER SOIL ALLUVIUM 
	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT 	HILL PEAT 
CATEGORIES 	
8 • 	 4 	 2 
Note 	 Upper figure in each cell refers to number of observed cases. 






TABLE 	(1) 	DISTRIBUTION OF ACTIVE RIVERBANK EROSION FORMS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
BROWN FOREST POOZOLS GLEYS PEATY GLEYS COMPLEX SKELETAL 
SOILS 
(DRAINAGE) FREE IMPERFEC FREE IMPERFEC POOR POOR V.POOR 
ETIRICK 21 1 1 9 10  3  2 
0.56 0.01 0.07 0.30 0.15 0.03 0.02 
LAUDER 10  1  1  




I ECKFORD 	I 	I 	I 	I 	I 	I 
I INNERWICK 
OTHER SOIL ALLUVIUM 
	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT 	HILL PEAT 
15 	 12 
CATEGORIES 	0.32 0.19 
Note 	
Upper figure in each cell refers to number of observed cases 







TABLE Cm) 	DISTRIBUTION OF ALL MANMADE EROSION FORMS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS 
'BROWN FOREST 	POOZOLS 	GLEYS PEATY GLEYS COMPLEX 	SKELETAL SO I LS  
	
(DRAINAGE) FREE 	IMPERFECI FREE IMPERFECT POOR 	POOR 	V. POOR 
ETTRICI< 	25 	3 	 24  
2.04 	 0.33 1.63 	 0.12 
LAUDER 	___  





OTHER SOIL ALLUVIUM 
CATEGORIES 
Note 
PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT HILL PEAT 
0.62 	 0.08 
Upper figure in each cell refers to number of observed cases 





TABLE 	(n) 	DISTRIBUTION OF ACTIVE MANMADE EROSION FORMS AMONGST THE DIFFERENT SOIL TYPES AND SOIL ASSOCIATIONS. 
BROWN FOREST PODZOLS GLEYS PEATY GLEYS COMPLEX SKELETAL 
SOILS 
(DRAINAGE) FREE IMPERFEC7  FREE IMPERFECT  POOR POOR V. POOR  
ETTRICK 17  1 21 ____ ____ ____ ____ 5 
1.67 0.07 1.04 0.12 






OTHER SOIL ALLUVIUM 
	PEAT-ALLUVIUM MIXED BOTTOM BASIN PEAT 	HILL PEAT 
CATEGORIES 	 0.62 
Note 	
Upper figure in each cell refers to number of observed cases 







Four Kolmogorov - Smirnov Tests on figures derived from Table 5.14 
Contents 
Table 5.3.A 	Kolmogorov - Smirnov Two Sample Test on numbers of drain-fed 
and non drain-fed gullies falling into four ranked erosion 
severity categories. 
Table 5.3.B 	Ditto, relating to active gullies only. 
Table 5.3.0 	Ditto, relating to stable gullies only. 
Table 5.3.D 	Kolmogorov - Smirnov Two Sample Test on numbers of stable 
gullies with drains and active gullies with drains, falling 
into four ranked erosion severity categories. 
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Table 5.3.A Kolmogorov-Smirnov Two Sample Test on numbers of drain-fed 
and non-drain--fed gullies falling into four ranked 
severity classes 
EROSION SEVERITY CLASS 
Extreme Severe > 	Moderate Mild 
ALL GULLIES (PLUS DRAINS) 13 75 65 6 
159 159 159 159 
S 159 	(x) 0.082 0.472 0.409 0.038 
ALL GULLIES (WITHOUT DRAINS) 8 47 46 14 
115 115 115 115 
s 115 (x) 0.069 0.409 0.400 0.122 
(x) 	- S 115 	(x)) 0.013 0.063 0.009 0.084 
D = Maximum (S159 (X) 
- 	
(X)) = 0.063 
CRITICAL VALUE OF D IN KOLMOGOROV-SMIRNOV TEST (LARGE SAMPLES: TWO 
TAILED TEST) 
P=0.10 	 D=l.22/~ 11+n22 =0.l49± 
J 	 S 




* Ho: Gullies without drains have similar seventies to gullies with drains 
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Table 5.3.B 	Kolmogorov-Smirnov Test: Active Gullies with drains 
versus active gullies minus drains 
EROSION SEVERITY CLASS 
EXTREME > SEVERE > 	MODERATE : MILD 
ACTIVE GULLIES PLUS DRAINS 9 33 33 5 
80 80 80 80 
80 	(X) 0.11 0.41 0.41 0.06 
ACTIVE GULLIES MINUS DRAINS 3 11 18 2 
34 34 34 34 
S34 	CX) 0.09 0.32 0.53 0.06 
S80 	(X) 	- S34 	Cx) 0.02 0.09 0.12 0.00 
D = MAXIMUM (Sn 1 (X) - Sn2 (X)) = 0.12 
CRITICAL VALUES OF D IN KOLMOGOROV-SMIRNOV. 	TWO SAMPLE TEST 
(LARGE SAMPLE: TWO TAILED TEST) 
P = 0.10 	D = 1.22, n1 + n2 	= 	0.249 
P = 0.05 	D = 1.360 n1 + n2 	= ± 0.278 
ni"2 
P = 0.025 	D 
= 
1.4 7/:: 	= 	0.399 
Ho CANNOT BE REJECTED 
Ho: Active gullies without drains have as many extreme cases as active 





Table 5.3.0 	Kolrnogorov-Smirnov Test: Seventies of stable gullies 
with and without drains 
EROSION SEVERITY CLASS 
EXTREME SEVERE > MODERATE MILD 
STABLE GULLIES PLUS DRAINS 4 33 26 0 
63 63 63 63 
0.063 0.524 0.413 0.000 
STABLE GULLIES MINUS DRAINS 5 25 24 8 
62 62 62 62 
0.081 0.403 0.387 0.129 







D .= Maximum (S63 (X) - S62 (X)) 
	
D = 0.129 
CRITICAL VALUE OF D IN KOLMOGOROV-SMIRNOV TEST 
P = 0.10 	D = 1.22./ n1+ n2 	= 0.218 
/ nn 
-Y 
Ho CANNOT BE REJECTED 
Ho: Stable gullies without drains have as many extreme cases as 
stable gullies with drains 
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Table 5.3.D 	Kolmogorov- Smirnov Test: Seventies of stable 
and active gullies with drains 
EROSION SEVERITY CLASS 
EXTREME  MODERATE MILD 
STABLE GULLIES PLUS DRAINS 4 33 26 0 63 
63 63 63 63 63 
0.063 0.524 0.413 0.000 
ACTIVE GULLIES PLUS DRAINS 9 33 33 5 80 
80 80 80 80 80 
0.112 0.413 0.413 0.062 
63 	(x) 	- CX) 0.049 0.111 0.000 0.062 
D = Maximum (S63 (X) - 	80 CX)) 	D = 0.111 
Critical values of D in kolmogorov-Smirnov Two Sample Test 
(large sample: two tailed test) 
P = 0.10 	D = 1.22 f- n2 	= 0.206± 
Inn 
-V 	i2 
.. Ho CANNOT BE REJECTED 
Ho: Stable gullies with drains have as many extreme cases as active 
gullies with drains 
Appendix 5.4 Chi-squared test on numbers of stable and active gullies 
with and without drains feeding into them 
STABLE ACTIVE 
GULLIES WITH DRAINS 63 80 
143 143 
GULLIES MINUS DRAINS 62 34 
96 96 
Ho: Gullies with drains have the same proportion 
of eroding cases as gullies without drains 
H1 : Gullies with drains have more active 
cases than gullies without drains 
X = 16.25 (with correction* for continuity), 
d.f. = 1 	p = 0.001 
.. reject Ho at 99.9% level 
* (Siegel, 1956) 
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Appendix 5.5 Chi-squared test on numbers of stable and active 
scars and slumps with and without drains 
Observed Frequencies 
ACTIVE 	STABLE 
SCARS/SLUMPS 	18 	 1 	 19 
	
SCARS/SLUMPS I 356 	 70 	I 426 
374 	 71 
N = 445 
Ho: Scars/slumps with drains have the same 
proportion of active cases as scars/slumps 
without drains 
H1 : Scars/slumps with drains have more active 
cases than those without drains 
(with correction for continuity) = 0.94 
d.f. = 1 	p => 0 . 25 
Ho cannot be rejected 
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ppendix 5.6 	Kendall Coefficient of Concordance (W) Test on ranks 
received by four active gully severity categories 
on four aspect sectors 
N - E E - S S - W W - N 
EXTREME 4 4 0 4 
cases observed 
rank 3 3 1 3 
SEVERE 17 7 1 17 
cases observed 
rank 3.5 2 1 3.5 
ACTIVE GULLIES  
MODERATE 21 10 3 17 
cases observed 
rank 4 2 1 3 
MILD 3 0 1 3 
cases observed 
rank 3.5 1 2 3.5 




W = 	5 	= 0.0675 (not corrected for ties) 
72 K
2 (N 3-N) 
CRITICAL VALUE S005 = 49.5 (from tables) 
Ho cannot be rejected 
N=4 
K=4 
(Ho: K sets of rankings are independent) 
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APPENDIX 6-t : GENERAL SUMMARY OF WEATHER DURING INVESTIGATIONS 
1975 
	
FEB 	Mainly anticyclonic and dry : Quite Mild 
MAR Cold and Wintry 
APR 	Cold and Wintry until 10th, then much warmer 
MAY Cool 
JUN 	Wintry start, then dry and summy 
JUL Sunny, warm at first and last week : mid-month unsettled 
AUG 	Exceptional heatwave 1st week, with thundery outbreaks 
SEPT Mostly rather cool and unsettled 
OCT 	Anticyclonic and dry 
NOV Variable 
DEC 	Mild and exceptionally dry 
1976 
	
JAN Mild for three weeks, then much colder 
FEB 	Dry and dull with mild and cold spells 
MAR Mostly cold and wet 
APR 	Rather cold and dry 
MAY One very cold spell 
JUN 	Exceptionally dry with one cold and one warm spell 
JUL Hot, dry and sunny 
AUG 	Anticyclonic, warm dry and summy 
SEPT Very wet, dull and thundery 
OCT 	Unsettled, exceptionally wet and exceptionally dull 
NOV Unsettled, except in mid month. Quite sunny and dry 
DEC 	Mostly cold, brief mild intervals 
1977 
	
JAN Cold and wet 
FEB 	Unsettled and very wet 
MAR Mild for three weeks, then much colder. Very dull 
APR 	Unsettled and cold 
MAY Cool and unsettled, then dry, warm and sunny. 
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Appendix 6.2 
Examples of some of the erosion pin data relating to the 
upper segment of Whiteadder Central Gully, 
contents 
Table 6.2.1 Data derived from measurements of clusters 
of pins at the gully head. 
Fig. 6.2.A 	Cross—section across the lower part of 
the upper gully segment, showing positions 
of erosion pins 1 - 20. 
Table 6.2.2 Data relating to pins shown in Fig. 6.2.A 
Fig. 6.2,B 	Cross—section across upper part of the upper 
gully segment, showing positions of erosion 
pins 21 - 55. 












A A 100 +180 





Table 6.2.1 	Data derived from clusters of pins at the head of 
Whitead.der Central Gulley (May, 1975 - May, 1977). 
EAST 	
19 
 Whiteadder Central Gully 
17 16 Upper Segment) 
14 
13 
12 	 5 
0 
8 	' 
0 	 10 
NO VERTICAL EXAGGERATION 
WEST 
DATE 	31.7.1975 
Pig, 6.2.A Cross—section along the 1 - 20 line of pins, Whiteadder Central GU.11y. 
ca 
Table 6.2.2 Table showing net soil loss data 	for Pins 1 - 20 between April 1975 and May 1977 (Whlteadder Central Gully - Upper Segment) 
KEY M = Data missing or uncertainty in data due to pin being disturbed or lost between visits 
= Gaps In data sequence make overall assessment uncertain 
AE (mm) 
Pin 26.4.75 19.5.75 9.6.75 21.7.75 22.8.75 22.9.75 3.11.75 9.2.76 12.4.76 31.5.76 25.7.76 7.9.76 5.10.76 11.11.76 NET LOSS AF 
No. to to to to to to to to to to to to to td OVER 2 YEARS TOTAL FLUX 
19.5.75 9.6.75 21.7.75 22.8.75 22.9. 75 3.11.75 9.2.76 12.4.76 31.5.76 25.7.76 7.9.76 5.10.76 11.11.76 19 5.77 (From 19.5.75 INDEX 
to 19.5.77) 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
3 0 0 +4 0 0 0 +2 0 0 -1 -4 0 +3 +4 +8 2.3 
4 +1 0 -14 -10 -5 0 -1 +28 0 0 +1 +1 0 M 0 00 
5 0 -10 -27 -37 -4 +1 -68 +16 -7 0 -7 -6 -5 -13 -167 1.2 
6 0 0 -5 -10 0 +2 -20 -18 +12 +53 +4 0 -2 +i +19 6.8 
7 0 -2 -8 -6 -3 +2 -50 -51 H +59 H H M H 
0 -50 +45 +3 -5 0 0 +67 -40 +1 H +2 0 0 +30 +103 1.9 
9 +23 -17 +3 0 +2 0 0 +5 -4 +5 0 +1 0 +25 +20 3.1 
10 -58 -11 -53 -14 0 -8 -25 -25 +28 -5 +1 -60 0 +82 -90 3.5 
11 +1 +1 -13 -9 0 -11 +14 +5 -12 -12 0 +7 -5 +22 -13 8.5 
12 -10 -16 -17 -7 -3 -15 -30 -19 0 +1 +2 +1 0 +21 -82 1.6 
13 -20 -15 0 +1 0 0 +27 +2 -9 +31 -1 -20 23 +) +42 3.1 
14 +7 -8 -14 -25 0 0 0 +4 0 +37 +1 0 -6 +3 +12 9.8 
15 0 +13 -17 -9 -12 0 -9 M -21 -9 -4 0 +1 +2 -65 1.5 
16 0 +2 0 -8 0 0 +1 0 0 +1 0 -1 0 +30 +25 1.7 
17 0 0 -Il +3 0 0 0 +4 +3 0 +2 +1 -1 0 +1 25.0 
18 +2 0 +2 -20 +1 +2 0 +3 0 +2 0 0 0 0 -10 3.0 
19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
0 
EAST 	










30 29 28 2 
6t3735riLL 
30~~~ 
 42 	40 
riU 
0 	m 	10 
NO VERTICAL EXAGGERATION 	
CTE : 	 31.7.1975 











data from pins positioned across upper section of upper segment of Whiteadder Central Gully. 
H 	Data missing or uncertainty in data due to pin being disturbed or lost between visits 
I 	Gaps in data sequence make overall assessment uncertain 
All data in nun 
AE (mm) 
9.6.75 	21.7.75 22.8.75 22.9.75 3.11.75 9.2.76 	12.4.76 31.5.76 25.7.76 1.9.16 	5.10.76 11.11.76 TOTAL NET 
to to 	to 	to 	to 	to 	to 	to 	to 	to to 	to 	EROSION FROM 





21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
26 -17 -6 -18 +32 -16 +24 -70 +20 +27 +23 -10 +9 0 +20 +18 16.2 
21 -37 +48 -4 +9 0 0 -30 -10 +22 -19 -52 +86 0 +10 +23 14.2 
28 0 0 0 +5 +2 0 +5 -35 +35 0 0 0 0 0 +12 6.8 
29 +1 -ii -13 -4 -10 +15 +1 0 -3 -20 +31 -3 +4 +2 -10 11.8 
30 0 0 0 0 0 0 0 +2 0 0 0 -3 +4 +14 +17 1.4 
31 0 0 +15 -35 +36 -e -3 +5 0 -15 +15 0 0 +22 +32 4.8 
32 +1 0 +1 0 0 0 0 +26 +4 -20 +20 -3 0 -23 +12 8.2 
33 +1 0 0 0 0 0 -30 0 0 +28 0 0 0 -8 -9 7.4 
34 +7 +1 -30 0 +30 -O -5 +5 -35 -12 +3 -32 -12 +14 -74 2.6 
35 -13 0 +5 +3 -10 +16 -5 -30 +31 -11 +7 +3 +1 -23 -25 5.9 
36 46 0 +4 0 +10 0 +21 +23 0 0 0 -5 44 +48 +69 1.0 
37 0 +1 0 0 +1 +3 +24 +114 0 0 0 0 +18 N +161< 1.0 
38 +98 -59 -20 0 0 +67 Flushed -71 +80 -15 -43 -31 +61 H +67< < 8.1 
Out 
39 +26 0 0 0 -3 +3 +09 -42 +47 0 0 0 N +50 +170< < 	1.5 
40 0 4 16 0 -6 -8 +30 +82 N 0 0 -7 -5 0 +20 +90< < 1.9 
41 0 -6 -13 -2 +21 +1 +15 +33 -3 +7 0 +5 +19 +3 480 1.6 
42 0 0 +3 -6 +7 0 0 -IO +10 0 -11 +4 -21 +20 -4 23.0 
43 +341 0 0 0 0 0 0 0 -100 -120 H +160 +30 H +311< < 	2.4 
44 +350 -10 N +20 +49 N H N N 14 N +44 +9 +19 4481< 
45 +200 H 14 H N H N N +83 14 14 +20 H +15 +318< 7 
46 +3 0 0 41 +4 o +14 +5 o 0 +1 0 0 0 +28 1.0 
47. 0 -8 -15 +4 +23 0 +1 +3 +3 +2 -23 0 +17 +30 +37 3.5 
48 +1 0 -40 +35 +9 -3 +4 -40 +15 +8 +41 -19 +14 +1 +26 8.8 
49 0 -47 +12 -6 +13 +12 0 0 -8 46 0 0 0 0 -18 5.8 
50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
51 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 
55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.0 




Examples of some of the erosion pin data relating to the 
upper, middle and lower segments of Red Scar Gully, Hones. 
contents 
Table 6.3,1 Data&arived f rom measurements of olus . Tars cf pins 
at the head of the gully. 
Pig. 6.3.A- 	Cross-section of part of the upper gully segment, 
showing positions of erosion pins 536 - 570. 
Table 6.3.2 Data relating to pins 536 - 570. 
Fig. 6.3.B 	Cross-section of part of middle gully segment, 
ahowing positions of pins 500 - 535. 
Table 6.3.3 Data relating to pins 500 - 535, 
Fig. 6.3.0 	Cross-section of part of lower gully segment, 
showing positions of pins 571 - 591. 
Table 6.3.4 Data relating to pins 571 - 591. 
EAST 
570 569 	 Red Scar Gully 
56 











0 	m 	10 
. 	 I 
NO VERTICAL EXAGGERATION 
546 
547j 





554 	"552 	 DATE: 30,7,1975 
553 






Overall Summary of information collected from pins 
spread across top segment of Red Scar Gully, Hopes 
Pin No. 	Net Erosion from 20.5.75 
	
Pin No. 	AE (mm) 



















* = Pin lost so frequently 


































553 	 -33 
WEST  
Red Scar Gully 
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Fig. 6.3.B Profile across middle se gment , of Red Soar Gully. 	 to 
Table 6.3.3 Summary of erosion data from Pins 500-535, placed across the middle segment of Red Scar Gully, Hopes 
KEY 	M = Data missing or uncertainty in data due to pin being disturbed or lost between visits 
? = Gaps in data sequence make overall assessment uncertain 
E 	(mm) 
20.5.75 	7.6.75 	26.8.75 26.9.75 28.11.75 	18.4.76 2.6.76 5.8.76 4.10.76 OVERALL 
to 	to 	 to to to 	to to to to NET EROSION 
PIN 	7.6.75 	26.8.75 	26.9.75 28.11.75 18.4.76 	2.6.76 5.8.76 4.10.76 18.5.77 20.5.75 to 
No. 18.5.77 
500 0 0 0 0 0 0 0 0 0 0 
501 0 0 0 0 0 0 0 0 0 0 
502 +1 -2 -5 0 0 0 0 -10 -14 -30 
503 +1 +1 0 +4 0 0 +2 0 0 +8 
504 0 +2 0 0 +4 0 +1 0 0 +5 
505 0 0 0 0 +5 0 0 0 0 +5 
506 +1 0 +3 0 +7 0 +4 0 -10 +5 
507 o +1 -50 0 +2 -20 0 0 -10 -77 
508 -5 +6 +1 +3 +14 +1 -6 -1 -7 +6 
509 0 +2 +1 +8 +31 +1 0 0 -1 +42 
510 +3 +7 0 +3 +30 0 +12 +1 -4 +52 
511 +2 -37 -28 0 +5 -27 +5 +3 -2 -79 
512 0 -20 0 -22 +7 -24 +19 -45 +39 -46 
513 -2 +10 0 -29 0 0 +4 0 0 -17 
514 0 +4 +2 +1 +11 0 -40 0 0 -22 
515 0 -8 -22 -3 +5 +3 +29 -78 +12 -62 
516 +8 -147 +120 0 +2 +1 M M -44 ? 
517 +6 +40 0 0 M M M M M ? 
518 +7 -6 +5 -13 -30 +41 +3 -80 0 -73 
519 0 -55 +4 0 -79 -10 +87 0 0 -53 
520 0 -31 M M M M M M M ? 
521 -4 M M M M 0 0 0 M ? 
522 +16 M M M M M M M M ? 
523 +4 M M M M M M M M ? 
524 +1 +12 M M M 0 0 0 ? 
525 0 0 0 0 +15 0 +23 -28 0 +10 
526 0 +3 0 0 +63 0 0 0 +9 +75 
527 -4 -24 +18 -10 -10 -2 -25 -7 -14 -78 
528 0 0 0 0 -3 +8 +6 0 M 	 ? 
529 +2 0 0 0 0 0 +9 0 M ? 
530 0 0 0 0 0 0 0 0 0 	 0 
531 0 0 0 0 0 0 0 0 0 0 
532 0 0 0 0 0 0 0 0 0 	 0 
533 0 0 0 0 0 0 0 0 0 0 
534 0 0 0 0 0 0 0 0 0 	 0 
535 0 0 0 0 0 0 0 0 0 0 
Im 










() 	 m 	1) 
NO VERTICAL EXAGGERATION DATE: 30,7,1975 
Fig. 6.3.0 Profile across lower segment of Red Scar Gully. 
C." 
Table 6.3.4 Erosion data from pins 571 - 591 in Lower Segment of Red Scar Gully. 
KEY : M = Data missing or uncertainty in data due to pin being disturbed or lost between visits 
? = Gaps in data sequence make overall assessment uncertain 
E 	(nun) 
Pin 20.5.75 7.6.75 26.9.75 28.11.75 18.4.76 2.6.76 4.10.76 OVERALL COMMENTS 
to to to to to to to NET EROSION 
7.6.75 26.9.75 28.11.75 18.4.76 2.6.76 4.10.76 18.5.77 May 75 - May 77 
571 0 0 0 0 0 0 0 0 Grass and Bracken 
572 0 0 0 0 0 0 0 0 Grass and Bracken 
573 0 0 0 0 0 0 0 0 Grass and Vaccinium Myrtil 
574 o o o 0 0 0 0 0 Grass and Vaccinium Myrtil 
575 +4 +4 +5 0 0 +10 +2 +25 Bare, step-like gully marg 
576 -32 M 0 -23 +27 -28 -17 -73 	(?) Bare apron 
577 +2 -4 0 +14 +1 -5 +9 +17 70% Bare 
578 +1 -18 +20 +8 0 -17 +2 -4 40% Bare 
579 0 -16 0 -4 +21 +14 +16 +31 50% Bare 
580 0 M 0 M 0 -17 -1 -18 	(?) 80% Bare 
581 27 -15 0 +3 +1 0 +3 -35 80% Bare 
582 -14 -25 +31 -10 +15 +5 +12 +14 70% Bare 
583 -23 -15 +11 0 +8 -12 +4 -27 70% Bare 
584 0 0 0 0 0 0 0 0 Grasses in Channel/Bed 
585 0 0 0 0 0 0 0 0 Grass 
586 0 0 0 0 0 0 0 0 Grasses and Mosses 
587 0 0 0 0 0 0 0 0 Short Grass 
588 0 0 0 0 0 0 0 0 Grass and Moss 
589 0 0. 0 0 0 0 0 0 Grass and Moss 
590 0 0 0 0 0 0 0 0 Grassed 
591 0 0 0 0 0 0 0 0 Grassed 
Appendix 6.4 
Pin Number 	 AE (mm) May, 1975 to May, 1976 
101 0 '(s) 
102 0 (s) 
103 0 (s) 
104 0 (s) 
105 +64 (e) 
106 -153 (e + d) 
107 -90 (e 	+ d) 
108 -72 (e + d) 
109 -205 (e + d) 
110 M . (e) 
111 M (e) 
112 -104 (e + d) 
113 -67 (e + d) 
114 -12 (e + d) 
115 -38 (e + d) 
116 +2 (e + d) 
117 -124 (e + d) 
118 -106 (e + d) 
119 -76 (e + d) 
120 -95 (e + d) 
121 -252 (e + d) 
122 -140 (e + d) 
123 M (e) 
124 -144 (e + d) 
125 -124 (e 	+ d) 
126 -89 (e + d) 
127 +2 (e 	+ d) 
128 -15 (e 	+ d) 
129 -160 (d) 
130 -119 (d) 
131 -95 (d) 
132 M (d) 
133 -140 (d) 
134 -106 (d) 
135 -117 (d) 
136 -183 (d) 
137 -119 (d) 
138 -47 (d) 
139 -181 (d) 
140 0 (s) 
141 0 (s) 
142 0 (s) 
143 0 (s) 
144 0 (s) 
Notes 
M = pin missing so frequently that overall slope lowering estimate cannot be 
made. 
e = eroding 
d = deposition 
s = stable 
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460 0 0 +5 0 0 0 0 0 +5 e 
461 0 0 0 0 0 0 0 +6 +6 e 
462 0 0 0 +7 0 —2 —5 +6 +6 e+d 
463 0 0 +5 0 0 0 0 +1 +6 e 
464 +5 +35 +2 —54 0 0 +3 +22 +65 e+d 
465 0 0 0 +4 0 —3 +4 +1 +6 e+d 
466 0 0 0 +4 0 —4 +3 0 +3 e+d 
467 0 +9 +4 0 +2 0 0 +3 +18 e 
468 0 0 0 +7 —1 0 0 +2 +8 e+d 
469 0 0 +13 —2 0 +4 —3 +5 +17 e+d 
470 +11 0 —6 +6 0 0 0 0 +11 e+d 
471 +8 0 +3 +1 0 0 0 0 +12 e 
472 —5 0 +6 0 0 0 0 +4 +5 e+d 
473 0 +8 +6 —ii —42 0 0 —2 —41 e+cl 
474 0 0 +5 +2 —3 0 0 —3 +1 e+d 
475 0 0 0 +5 0 0 0 +1 +6 e 
476 0 0 —2 +4 0 0 0 0 +2 e+d 
477 0 0 0 +5 0 0 +1 +1 +7 e 
478 +7 0 +7 —1 0 0 +1 +1 +15 e+d 
479 0 +6 +3 +1 0 0 +2 0 +12 e 
480 0 0 —4 0 0 0 0 0 —4 6 
481 0 0 +8 0 0 +4 0 0 +12 e 
482 0 0 0 0 0 0 0 0 0 a 
483 —3 bat bat +21 0 0 0 0 +18< e+d 
484 —2 +8 +17 0 +6 +6 0 +5 +40 e 485 0 +7 +11 0 +21 0 0 +6 +45 e 486 0 0 0 0 0 0 0 0 0 a 
487 0 0 0 0 0 0 0 0 0 a 
618 
lid 
::c 	:r:3:i 	• id 2d 3d dd I 	54 	dd 74 84 I 	9U 104 114, 124 134 14d 15d 
6/10/76 5/9/76 5/9/76 8/3/76 22/9/75 	31/5/76 5/8/76 8/10/76 22/10/76 5/9/76 11/7/76 28/9/76 28/9/76 26/9/76 25/2/76 
WTI 
C5flE T$ 
STi . 140?ES 
5 Cp1'.  
WZiSl  '" t.'A. flaloh's 
tubs 
GRID 	EE ............. 661629 613687 6136c6 554623  555628 	660630 570634 570635 613688 562641 565645 557638 557637 557C39 459o27 
U. ...................... 
SITE .................  
. 
 t_ oa 
30 30 30 28-34 30 	30 29-30 29-30 30 
_ 
3032 30 29-31 29-31 31 28 SLOPE ................. 
ASPECT ................ N NE NE s SN sw sw Sw N N NW 
GRCUUXOVER 100 96 100 97 86J 100 53 59 69 93 63 93 100 92 99 
0 3 0 3 10 0 11 17 3 17 0 1 
STONES/SCREE 0 1 0 0 36 - 	 35 14 4 20 2 0 3 0 
BARE SCIL ............ 
68 94 75 97 50 	63 33 37 68 85 98 85 LI-?TSR 	............. 
013 , 
32 
2 25 0 36 	37 20 21 1 33 24 8 2 1 
98 76 67 0 50 	97 19 7 17 18 27 34  40 
83 23 L0i c..Z0P' ...........
TREE CANOPY 0 0 0 0 0 	0 1 o 7 0 0 50 0 
RBBIT/HAREINDEX 2 5 1 80 51[ 	13 93 100 93 71 100 66 3 
26 28 
0 0 0 7 0 	1 .0 0 0 DEER IDEX ........... 
0 2 0 4 33 0 29 36 1 31 	I 	41 54 - 	 52 27 SIP INDEX ........... 
0 25 8 0 0 0 o 1 0 0 0 
0 0 0 COrS 	DiX ........... 
oras. 0 0 0 0 0 	1 	0 0 0 0 0 	0 0 0 0 0 
.CTIV2 T1'AILS 	..... f 	— 4 0 	1 18 0 22 10 8 12 0 0 0 0 
STBLE TkAILS )......
. 	j — 4 18 19 28 	0 5 0 2 12 0 0 0 0 
STf.BLZ MINDS 100 64 66 0 42 	95 o 0 3 10  12 100 76 
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Fig. 3—A I 4—D Nap showing large—scale 
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